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ABSTRACT

The practical value of using Chebyshev series in solv-
ing the equations of planetary motion is demonstrated.
Solutions are obtained for the mutual attractions of the five
outer planets. Residuals from comparisons with numerical
integrations are less than 0''001 in all cases for the two-
century interval from 1800 through 2000. A listing is given
of the FORTRAN IV program used for the computations.
The first order general perturbations of the outer planets
due to the inner planets are given for completeness.

ii



CONTENTS

Abstract . . ... . . i e e e e e e e e e e ii
INTRODUCTION . . . ittt ittt ettt it ettt aeee e s e a e 1
CHEBYSHEV POLYNOMIALS . . .. ...ttt ittt it e e 2
CHEBYSHEV EXPANSIONS OF TRIGONOMETRIC FUNCTIONS .. ... 6
EQUATIONS FOR THE PERTURBATIONS. . . .. .. ... ..., 9
COMPARISON WITH TABULATED COORDINATES. ............. 12
APPLICATIONS . . & i ottt e e et et et e e e e e e 16
CONCLUSION . . .ot it s e it it et e et e it e e e e e e 19
ACKNOWLEDGMENT . . . . .t o ittt ettt e ittt et e e a s 19
References . . . . . v o i ittt et i e e e e e e e e e 20
Appendix A—Program CHBY ... ... .. .. ... .. ... .. 23
Appendix B—Motions of the Five Outer Planets . . . . ... ... ....... 43
Appendix C—Comparisons with Tabulated Coordinates .. .......... 61

Appendix D—Perturbations of the Five Outer Planets by the
Four Inner ONeS. . . . . v i v i vttt et e e et e et o s s e 73

iii



PLANETARY PERTURBATIONS IN CHEBYSHEV SERIES

by
Lloyd Carpenter
Goddard Space Flight Center

INTRODUCTION

The exploration of space has given impetus to studies of the motions of planets and the advent
of modern computers has contributed greatly to the success of these works. The greatest success
has been in the realm of numerical integration, and the outstanding example is the application to
the motions of the five outer planets over a period of more than 120,000 years by Cohen and Hub-
bard (Reference 1). Their work revealed the librational motions of Pluto and Neptune, a truly
remarkable result.

Considerable effort has also been directed to the computation of general planetary perturba-
tions (series expansions). The prime example is Clemence's Theory of Mars (Reference 2 and 3),
the first planetary theory which is formally more accurate than the observations. The works of
Iszak (References 4, 5, and 6) on literal developments, of Danby (References 7, 8, 9, 10, and 11)
using matrix methods, and of Musen (References 12, 13, 14, and 15) using operator calculus and
Pfaff's method are noteworthy. The author (References 16, 17, 18, and 19)has also been interested
in the computation of general planetary perturbations.

Accurate solutions of the equations of planetary motion are important for producing ephemerides,
for identification in the case of minor planets, and for improvement of the values of the astronomical
constants through analyses of observations. Clemence (Reference 20) has shown the value of anal-
ysis of minor planet observations for the latter purpose when a formally accurate solution of the
equations is available. The purpose of the present work is to present a method which may be of
particular value in the case of the minor planets and which is somewhat different from the usual
special or general perturbations. To establish the accuracy of the results and to provide a basis
for computing perturbations of minor planets, the method has first been applied to the five outer
planets. The results are, in fact,the most accurate planetary theories ever produced, as is demon-
strated by comparisons with numerical integration yielding residuals less than 0"001 in all cases.
In this context, a "planetary theory" is defined, in the words of Danby (Reference 11), to be "a
mathematical expression that yields an ephemeris of a planet over a finite time." The perturba-
tions are computed using series expansions in the well-known trigonometric polynomials of
Chebyshev (Reference 21). In the examples, the expressions are valid from 1800through 2000. The
method can be applied, in principle, with any specified time interval, but the rate of convergence
of the series depends on the length of the time interval.



The method of Chebyshev series does not suffer from all the disadvantages common to methods
of general planetary perturbations. The intersection of the orbit of the disturbed planet with the
orbit of a disturbing planet presents no difficulty unless there is an actual close approach of the
two planets. Commensurability of the motions does not require any special consideration. These
facts are illustrated in the motions of Neptune and Pluto. The computation of the perturbations in
Chebyshev series is much simpler than for the classical methods of general perturbations. The
program described in this article actually computes all terms of all orders in the mutual attraction
of a system of planets giving accuracies never before obtained in a series solution. Finally, the
concise, homogeneous form of the solution is most convenient. With the new generation of computer:
becoming available, the method can be easily applied to many interesting problems.

CHEBYSHEV POLYNOMIALS

An excellent detailed discussion of Chebyshev polynomials is given by Lanczos (Reference 22).
Additional properties and applications are given in References 23, 24, and 25. Only the required
basic relationships are given here.

The Chebyshev polynomial T_(x) may be defined by
T, (x) = cos [n cos™! x]
for
-1<x<+1.

The formulas for manipulating Chebyshev polynomials can be derived from the well-known trigo-
nometric formulas. T_(x) is a polynomial of degree n in x and can be generated by the recurrence

relation

Ty (x) = 1,
T, (x) = x,
T, (0 T 2T, (0" T (xy

The product of two Chebyshev polynomials is given by

2T, ()T (x) = T, (x) + TIr—q] (x) ,



and the integral is given by

J’To (x)dx = T, (x) ,

1
JTI(X)& = 23T, .,

1 1
2JTr (%) dx = r+1 Tr+1 (x) - r-1 Tr--l ) . r>1.

Any function f(x) which is continuous and of bounded variation in the interval - 1<x<+1 can be
represented by a uniformly convergent series of Chebyshev polynomials in that interval,

f(x) = ZarTr(x)

r=0

for

- 1<x

A

+1

where the prime on the summation sign is used to indicate that the first term is to be factored by
one-half,

1
f(x) = 7a,+a;Ti(x)+a,T,(x)+

Approximate values, a_, of the coefficients can be determined from special values of the function
using the formula

and
N
_ 1 s
a, = N E f(cos F) cos s7 ,
s=0

where the double prime indicates that the first and last terms are to be factored by one-half. The
accuracy of the coefficients is made sufficient by choosing N large enough, and the appropriate
value of N depends on the rate of convergence of the series.



Putting

_ s
X, = cos [’

the expression for the coefficients takes the form

s=0

which is convenient for the computation. The factor 1/2 is required for ay.

A truncated Chebyshev series can be evaluated by a simple recurrence process due to
Clenshaw. If

N ¢

0 = ) a T (x

=0
put
bN+2 = 0 ’
bN+1 = 0 ’
b = 2xbr+1—br+2+ar, r =N, N-1, , 0,
then
f(x) = 3 (by-b,) -

This process can also be used to determine the coefficients, a_, above (see Reference 25).

If

e

d
FE0 = ) alT, 0,
r=0

the integral formula gives

o ¢

> an o

=0

I

£(x)



with

and a, is the arbitrary constant.

The derivative of the function can be evaluated using the coefficients a_of the function itself
by a combination of the recurrence relation

r=N-1,N-2,:,0,

o
l

= 2Ar+Da,, tal,,

with the process given on page 4 for evaluating a Chebyshev series. This facilitates the computa-
tion of velocities.

It

oo !

fl(x) = Z a T (x),

=0
and
f,(x) = E b T (%),
s=0
then
fo(x)f,(x) = § c, T, (%),
k=0
with
1 .
CO B 5 a0 bO + ar br !
r=1
and
_ 1 zm: 1 Zk'l
Ck B 5 (ar br+k +ar+k br) * .2 arbk—r ’ for k > 0 3
r=0 =1

from the product formula.



With

[

f(x) = Z arTr(x)

r=0

the values of the function and its derivative for x = 0 are given by

1
f(0) = 5 a,~a, +a, —a, + -

d
[d-§ f(x)] o = a, - 3a,; +t5a;, -~ T7a, + ---
These are all of the formulas which will be needed in the present application.

CHEBYSHEV EXPANSIONS OF TRIGONOMETRIC FUNCTIONS

In the classical form, the general perturbations are given as series consisting of secular
terms, periodic terms, and mixed (Poisson) terms. It is of interest to see how functions of these
types appear when expanded in Chebyshev series.

The independent variable, x, of the Chebyshev polynomials is taken to be a linear transforma-
tion of the time, t. A secular term x* is represented exactly by a linear combination of the
Chebyshev polynomials T_ (x) forr = 0, 1, 2, ---, k. The expansions of the periodic terms cos (px)
and sin (px) are given below. A mixed term x* cos (px) or x* sin (px) will be represented by the
product of the expression for xk with the series for the periodic term. Thus the general character-
istics of the Chebyshev expansion of a mixed term for k small will be similar to that for the
periodic term. An examination of the Chebyshev expansions of cosine and sine functions gives an
indication of the number of terms which will be required in the representation of the planetary
perturbations in this form.

Put

cos (px) = Z cC® T (%)

and

@ 7

Z ST, (x)

=0

sin (px)




where, as before, the prime indicates that the first term is to be factored by one-half. Since
cos (px) is an even function and sin (px) is an odd function,

for r odd

1
o

Cr(P)

and

Sr(p) 0 for r even .

The non-zero coefficients are given by the definite integrals |

xis
_ 2
Cr(p) = ?j cos rf cos (pcos9)dd for r even
0
and
2 T
s @ = ;j cosrfsin(pcos8)df for r odd .
0

These expressions are recognized to be the Bessel functions of integer order with a simple factor:

C(P = (-1)722]_(p) for r even

and

Sr(p) = (_1)(f‘1)/2- 2], (p) for r odd .

Thus the behavior of the coefficients in the expansions of the cosine and sine functions is related to
the behavior of the Bessel functions of fixed argument and increasing integer order. These func-
tions have been extensively investigated and tabulated. Considering j_(p) where r and p are posi-
tive and p is small (corresponding to terms of long period), the values of J_(p) decrease in magni-
tude rapidly as r increases. These cases present no difficulty. When p is large (corresponding to
terms of short period), three cases are encountered corresponding to r/p less than, nearly equal
to, or greater than unity. For the present purpose it is sufficient to notice that for r <p the values
of J. (p) oscillate about the value zero as r increases and for r >p the values decrease rapidly in
magnitude. The behavior of the coefficients is illustrated in Figure 1 for the case p = 100.

Figure 2 may be used to determine, for a given value of p, that value of k for which
(2], (p)! 1is less than 107%, 101 or 10! for all r>k. These results give a good
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Figure 1—(a) ~ Coefficients for r even in the expansion
of cos (100x). (b) - Coefficients for r odd in the expan-
sion of sin (100x). 0.1
indication of the number of terms which | | 1 ) )
will be required in the expansion of the % 0.5 1.0 1.5 2.0 2.5 3.0
planetary perturbations when the shortest logyo (P)

period of the significant periodic terms is Figure 2—Values of log,, (k/p) for which |2Jr ®)
known in relation to the time interval over <1074,107'%,and 107 for r> k.

which the series are to be valid. If a time

interval, At, is chosen and a term cos 27t/r, with period 7 is considered, this term will be a
linear combination of cos (px) and sin (px) with

At

p = .

For example, for a two century interval and a term whose period is 2~ years,p = 100. From
Figure 2

0.07 for |2J, (p)| <107*
k
10g10 <"1')‘> = 0.135 for |2Jr (p)| < 10710 for r >k ,

0.18 for |2J, (p)| <10716

and the resulting numbers of terms are 118, 137 and 152 respectively.




EQUATIONS FOR THE PERTURBATIONS

The Chebyshev series may be used with nearly any decomposition of the perturbations. By
computing perturbations of the coordinates the number of components can be held to three, although
perturbations of the elements may be more descriptive. Musen's (Reference 12) method of pertur-
bations of the rectangular coordinates is applied in the present case.

The position vector, ¥, of a planet is given by

—

F o= (1+a)T, + % + yaR
where a, 3,7 are the components of the perturbations, 7, is the position vector in the fixed refer-
ence ellipse, ais the semimajor axis of the reference ellipse, R is the unit vector in the direction

of the angular momentum of the motion in the reference ellipse and

dt

)

L1
w n

n being the mean motion in the reference ellipse and t the time.

The perturbations are computed from the formulas

a = sineJQ1 d(nt) + (cose—e)J'de(nt) + oM,
B = J(M4—2a) d(nt)

Y = sineJRId(nt) + (cose*e)ijd(nt)

with

w0l
|
b
0
o]
7]
m
+
©

- COs €~ €

- Psine + Q
}ll—e2

wnl
~
i



a .
Q, = l_—o-[Ml(cose—e)~2M251n6]
a
Q2 = ;; [—Mlsin€~2M2cos€]
a
R, = + M;(cose-e)
0
a .
R, = —r—0M351n6

The quantities ¢ and e are the eccentric anomaly and the eccentricity respectively of the reference
motion, and P, § are the usual unit vectors of the fixed reference ellipse. The remaining undefined
quantity is the disturbing force, F, which is given by (see Reference 19, page 2)

N . - L2 N — —

P o= ro,x 3ro s +Z mg [P T
= - _— - = 1 _ .

r3 r3 rS 0 M+m 03 3

i 3

It is not necessary in the present case to expand Fin powers of the perturbations, but an expansion
of the solar terms may be desirable to prevent loss of accuracy in the numerical computation. The
disturbing force depends on the actual position vectors, so a process of iteration is implied in
computing the perturbations. It is understood that the contributions from the constants of integra-
tion are to be added to the above expressions for o, 8 andy. The effects of general relativity will
also be added as small corrections in the usual way. The usual method of introducing a fictitious
anomaly under the integral signs is not convenient for the present method, so the quantities sin ¢
and cos € —e have been brought outside as factors. There was some concern that numerical accuracy
would be lost in this way, but tests show that this is not the case in the present program where the
equivalent of sixteen figures are carried in the computation.

The integrands are expanded in Chebyshev series for a pre-determined time interval by the
method of special values described on page 3. Corresponding series are obtained for the functions

10




cos ¢ and sine. The series integrations and multiplications indicated in the computation of o, gand
v are then performed using the given formulas. If the results are to be valid in the time interval

[t 1oty ] , then the time, t, is transformed into the independent variable, x, of the Cheybshev func-
tions by putting

1
ty = 7 (t;7t,)
and
K = 2
t, =t
so that
X = K(t-to)
The relation
n
d(nt) = g dx

is used in performing the integrations and in evaluating the derivatives of the perturbations at the
epoch.

The constants of integration are, in the present case, determined from the initial conditions.
Let a prime signify differentiation with respect to nt, and let A, B,, C,, A/, B/, C,/ be the numeri-
cal values at the epoch of the perturbations obtained by the formal integration. The constants z,

z,, *** z, are then computed using the predetermined initial conditions o, 8, v,, o/, 8, , ¥, as
follows

z, = 2{eg-Ay) *+ (B, ~By)

2, = (g~ Ay-2z,) r—&’; cos e, — (a, ~Ay ) sin e,

z, = (a,-A,-2z,) —"”0- sine, + (a, -A,)(cos €, e)

2o = (Bo-B,) * [(2-e2)sine,- 5 sin2e,]z, + [-2cos e, + 5 cos 2, ] 2,

zg = (7,-GC,) r—ao- cos €y = (¥ ~C, ) sineg

2o = (757Co) 7 sine, + (75 ~Cy) (cos o= e) .

11



The contributions to the series for the perturbations are now added

]
{]

A+ 2z, + z,(cose—-e) + z,sin¢

+ + - +[~(2- 2) sj +2 sin2 +]2 - =
B z, 3(ez1 zs)nt e’)sine+ 75 sin2e|z, cos €~ 75 cos 2 |z,

™
"

v C+ 2z (cose-e) + z sine ,

6

where A, B, C represent the series obtained by the formal integration process. These formulas
were extracted from Musen's work (Reference 12) with slight modifications of the notation.

All of the operations indicated in this section are performed by the program CHBY described
and listed in Appendix A.

COMPARISON WITH TABULATED COORDINATES

For purposes of checking or determination of the constants it may be desired to compare the
computed perturbations with available tabulated coordinates. In making the comparison it is nec-
essary to allow for an elliptic correction. The method of Eckert and Brouwer (Reference 29) is
used for this purpose. Let the tabulated position vectors be denoted by 7. and represent them in
the form 7, = 7, + 87,

8T, = ay Ty + Byw + g aR
by putting
5, = §7, - B
5, = 8T, - 0Q
5, = 5T, - R
and

a (1 1 .
ar = = gSlcose+—>st1ne
0 a}ll-*e2

1
ﬁ‘r = —Eslsine+ Sz(cose-e)

1
a}ll -e?

ml»-t
o

71‘ -

12



Similarly the position vector computed from the series has the form

¥ o= 7+ 8T
with
ST = aF, + W + vaR .
A set of constants of integration z,, z,, -, z, are to be determined such that when their contri-

butions are added toa, 8 and ¥ as in the previous section, the differences a-a_,8-8; and v -7,
are minimized in the sense of least squares over the tabulated dates. The comparisons are given
equal weights. At each tabular date there are three condition equations, one for each component
of the perturbations.

The a equation is

a;2; tayz, tajz; = a,
where
a, = a — ap
a, T cose ~ e
a, = sine
a, = 2
The S equation is
alzl+azzz+a3zs+a4z4 = a,
where
a, = BB
—_ 2 - € «
a, = 3e(nt)—(2—e)s1n6+§s1n26
e
a, = 2cos€—~2-c052€
ag = - 3(nt)
a = 1

13



The vy equation is

5 s 6°6 0
where
a, = ¥~ 7
aS = cCos € — €
a = sine¢

To solve these equations in the sense of least squares, put

the index k extending over the tabular dates, each of the three sets of a, being taken at each date.
Let B be the matrix {b, ;}, then

- p-1

z, B cy
Za Ca
Zg Cs

where B! is the inverse of the symmetric matrix B. The contributions of these integration con-
stants are added toa, 8 and ¥ to give the reduced residuals. The effects of the integration con-

stants may also be taken into account by an adjustment of the elliptic reference elements using the
formulas

da
= 5 2z; - 2ezl
de = - (l—ez) z,

14



81 = Odpcosw - dgsinw
sini 8Q) = Jdpsinw + 8qcosw
dw + cosidQ = Bbr
where
1
Sp = - z,
1-e?
g = - zg
_ 1-e?
ér = = t—g—12z,

(see Reference 29). Care must be taken when e is very small. The relationships between the z;
and the Eckert-Brouwer parameters are

N
1l
-
!
[0}
N
%
*

If the elliptic elements are held fixed, the effects of the constants of integration may be re-
flected in a modification of the initial conditions used in the perturbation program by adding to o,
B,> 7, the contributions as given on page 12, by leiting A, B, C,; be the previous values

15



of the derivatives and putting

[ = 1 — T
a, A0 +—r0 ( z,sin€, 1z, cos eo)
B = B'+3(ez —z)+—a —(2—e2)cose tecos 2, [z, + |~ 2si +e si
0 o 1 3 Ty 0 ol “1 sin €, tesin 2, |z,
a
I = [ —_ — .
Yo CO + 7 ( zss1neo+zscos€0) .

The operations indicated in this section were used to compare the series for the five outer planets
with the coordinates given in Reference 30.

It should be mentioned that series corresponding to those computed as in the previous
section can be obtained by numerical analysis of the tabular values o, 8., v, using interpola-
tion to obtain the special values. This process was used to determine the practical value of
using Chebyshev series in the present context and to provide a basis for code checking the
CHBY program. The planetary coordinate series (and, with slight modification, the lunar
coordinates) produced by this method are especially convenient for use in programs for inter-
planetary trajectories, lunar expeditions, etc. For the reasonably short time intervals involved
in such programs, the coordinates can be computed from the series much more efficiently
than they can be read from a magnetic tape or other medium. If the velocities are needed
they may be computed from the same series using the recurrence process for the derivative
of a Chebyshev series as given on page 5.

APPLICATIONS

The Chebyshev method is applied here to the mutual attractions of the five outer planets with
an augmented mass of the sun using the same constants as those used by Eckert, Brouwer and
Clemence (Reference 30) for the numerical integration of the same system of equations. The
chosen time interval is from Julian Date (JD) 2378400.5 (September 26.5, 1799) through JD 2452000.5
(April 1.0, 2001) with the central epoch JD 2415200.5 (June 29.5, 1900), each time being a standard
400-day date.

The Keplerian elements of the planets were determined by a least squares {fit to the coordi-
nates given in Reference 30 at the 80-day standard dates from JD 2400000.5 through 2430400.5.
They should correspond roughly to mean elements with the affects of all long period terms included.
The exact values which were used are given in Table 1. The Eulerian angles are referred to the
ecliptic and mean equinox of 1950.0.

16



Table 1

Reference Elements of the Planets.

Planet

Jupiter
Saturn
Uranus
Neptune

Pluto

Semi-Major
Axis, a,
in a.u.

5.202 9737
9.5637 1950
19.184 3420
30.072 9814

39.487 0157

Eccentricity, e

0.04852 5422
0.05417 9408
0.04732 8819
0.00885 2234

0.24826 6637

Mean Motion in
Degrees/Day, n

02083087 39726 97137
0.033468 51033 67896
0.011729 90526 83551
0.005976 56828 47765

0.003972 13962 76679

Longitude of
Ascending
Node, 1

Argument of
Perihelion, w

Inclination, i

Mean Anomaly
at Epoch, g

999848 097

113.382 301

73.745 938

131.236 967

109.634 196

2747169 895

338.991 032

96.312 192

275.039 422

113.719 012

12308 122

2.486 946

0.773 735

1.774 465

17.143 503

2397954 874

180.374 080

76.119 648

40.524 435

230.365 375

The mean motions are derived from the semi-major axes using Kepler's Law with the augmented

mass of the sun. There is no advantage to be had from using a corrected value of the semi-major

axis because the perturbations are not separated into various orders.

The adopted values of the

masses are the same as those in Reference 30. The reciprocal values are given in Table 2.

The sum of the masses of the inner planets is taken as 5.97682 - 1076,

Table 2

Reciprocal Mass f

or Planets.

Planet Reciprocal Mass, 1/m
Sun 1

Jupiter 1047.355
Saturn 3501.6

Uranus 22869.

Neptune 19314,

Pluto 360000.

This value is added to the

mass of the sun for applying Kepler's Law relating the semi-major axis and the mean motion and
for evaluating the disturbing force F from the formula given on page 10.

In the past it has been the custom to give the details of the intermediate computations for
planetary theories. With modern methods a much more useful approach is to publish the program

which was used. In this way, the reader may duplicate the computations if he wishes, he may

check the program for any possible errors, and he may apply the method to any other cases in
which he may be interested. In fact, the program represents a much more valuable end result

17




than the specific examples. It is now possible with a few minutes of computer time to obtain

planetary theories for any cases of interest to a very high degree of accuracy.

The coefficients in the series for the perturbations are given in Appendix B. The constants of
integration have been adjusted to give the best fit to the coordinates given in Reference 30. To
establish the formal accuracy of the results, they have been compared with the tabulated coordinates
at the standard 400-day dates from JD 2378400.5 through JD 2452000.5 using the method described
in the previous section. The results of the comparisons are given in Appendix C. In computing
the perturbations, the iteration process was continued until the residuals were in all cases less
than 0'7001. Residuals of this magnitude are expected to result from rounding the coefficients in
the series at the tenth decimal. The purpose of this test was to reveal any errors in the program.
The actual positions of the planets are known with much less accuracy, and the additional terms
from the inner planets and the relativistic effects are much larger than these residuals.

It might seem logical now to include the remaining perturbations from the inner planets and
the relativistic corrections. Since the contributions from the inner planets consist primarily of
small terms of short period, I have preferred to apply the usual trigonometric form for their
elaboration. The results are given in Appendix D.

The reader may be interested to know how many iterations were required in the solution since
this relates to the convergence along powers of the disturbing masses. To provide an answer, the
perturbations of Jupiter were compared with the tabulated coordinates at each iteration. The

results are given in Table 3.

Table 3

Residuals for Jupiter at Each Iteration.

Maximum Residuals rms Residuals

a-100 p10t° v-101° 1010 B-1010 y-10%0

E]i:el:litril(t:s 9162977 26118663 911236 4292639 9844551 357793
Iteration

1 61397 214572 2682 22165 95756 1041

2 1122 18001 21 436 7421 6

3 44 342 12 14 205 4

4 28 33 11 8 14 4

The entries in the first line relate to the total perturbations after removal of a small elliptic cor-
rection. The residuals are less than 0''01 after the third iteration and less than 0''001 after the

fourth.

18



It is of interest to know the magnitude of the effects on the motion of a planet due to the pertur-
bations of the disturbing planets. This relates, for example, to the importance of the second order
terms in the motion of Saturn due to the perturbations of Uranus. For this purpose the perturbations
of Saturn have been computed with the coordinates of one disturbing planet given by the reference
elements alone. The process was repeated for each disturbing planet, and the results were compared
with the tabulated coordinates. Allowing for an elliptic correction, the results are shown inTable 4.

Table 4

Residuals for Saturn with Disturbing Planets in Elliptic Orbits.

. Maximum Residuals rms Residuals
Planet in o
Elliptic Orbit 1010 £-1010 v+1010 100 31010 »+1010
Jupiter 112014 290201 4719 47089 102044 1898
Uranus 7914 6578 437 1406 2338 116
Neptune 574 561 14 131 209 5
Pluto 37 107 16 9 20 5

CONCLUSION

The practical value of using Chebyshev series in solving the equations of planetary motion has
been demonstrated. The accurate solutions for the motions of the five outer planets serve as a
basis for computing perturbations of the minor planets. The small contributions from the inner
planets are obtained using the first order expansion in multiples of the mean anomalies.

For more eccentric orbits the convergence of the series may be improved by letting the in-
dependent variable, x, of the Chebyshev polynomials be a linear function of the eccentric anomaly
of the disturbed planet rather than a linear function of the time. This approach would require only
a slight modification of the program, and the computation time would be reduced because of the
elimination of many solutions of the Kepler equation.
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Appendix A
Program CHBY

The FORTRAN program CHBY together with its subroutines performs the series expansions
and the formal integrations, determines the constants of integration to fit the initial conditions and
adjusts the coefficients accordingly. The final values of the coefficients are printed and punched
on cards. The first data card contains 72 BCD characters used as a title to identify the run.

The next data card contains the control indices used in the program. They are:
N1+1 the number of special values used in the expansions

NTRM the number of terms computed in the series

ITRM the number of iterations to be made in the run

IPRINT the print control, normally put equal to 1. For larger values intermediate results
are printed

IPUNCH the punch control. For IPUNCH = 1 cards are not punched. For IPUNCH = 2 cards
are punched

The next data card contains the Julian Date of the epoch (TEPOCH), the time interval in days
for which the theory is valid (DTCHEB), and the smallest number of units in the last coefficients
to be printed and punched (EPS1). In the examples

TEPOCH = 2415200.5
DTCHEB = 73600.0
EPS1 = 0.5.

The next data card contains the Julian Date of the epoch (PEPOCH), and the time interval in
days (PTCHEB) for the disturbing planets. The time interval of validity of the theories for the
disturbing planets must contain the corresponding interval for the disturbed planet. In the examples,
the intervals are the same, but the results may be used, for example, to determine the motion of a
minor planet between 1900 and 2000.

The next two data cards contain double precision values of the reference elements:
SA semi-major axis in astronomical units

SE eccentricity
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S02 argument of perihelion in degrees

S12 inclination in degrees

(6{07] longitude of the ascending node in degrees

SM mass of the disturbed planet in units of the sun's mass
SGZ2 mean anomaly at the epoch in degrees

SMINNR mass of inner planets to be added to the sun

The elements define the reference orbit. They are usually referred to the ecliptic and mean
equinox of 1950, but it is only necessary that the coordinate system be the same as that used for
the disturbing planets. The vectorial constants to the equator are computed from the elements
using Newcomb's value of the obliquity for 1950.

The next two data cards contain the constants of integration ZK(I), I = 1, 6 which may have
been obtained from a previous comparison with observations or tabulated coordinates. They enter
the computation of the position vectors used for evaluating the disturbing force.

The next two data cards contain the initial conditions used in determining the new constants of
integration. The initial conditions are defined in terms of the values of the perturbations, o, 8 and
v and their derivatives with respect to nt at the epoch.

The next data cards contain the previous values of the coefficients in the series for the
perturbations. The end of this deck is followed by a card with the digits 1001 punched in
columns 5 through 8. If there are no previous coefficients, the single 1001 card must be

present.

The remaining data cards are read by the FFD subroutine described below. The operations
being performed at various stages of the program are described by the comment cards. The double
precision coefficients of the Chebyshev series are stored in the two-dimensional x array. The
second subscript designates the series, and the first subscript relates to the individual coefficients
of the series. To make full use of the computer memory, some areas of storage are shared by
different series in various parts of the program.

The CHBY program uses five subroutines which will now be described.

PQRDP2, This subroutine computes the vectorial constants to the equator from the Eulerian
angles referred to the ecliptic.

FFD, This is the main subroutine of the program. Its function is to evaluate the disturb-
ing force at each of the collocation points. The first time the subroutine is called, it reads the
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remainder of the data. There is one set of data for each disturbing planet. Each set consists of
the following:

1. Title card containing 72 BCD characters.

2. Two data cards containing the elliptic elements in the same format as for the disturbed
planet previously described.

3. Cards containing the coeifficients in the series for the perturbations of the disturbing planet.
The end of each deck is followed by a card with the digits 1001 punched in columns 5 through
8, except that the last set has the digits 1002 on the final card.

The steps in the computation are straightforward. The solar terms of the disturbing force are
expanded in powers of the perturbations.*

COEFF. This subroutine adds the contributions of the special values to the coefficients in
the series expansions.

MLTPLY. This subroutine performs the Chebyshev series multiplications.

NTGRT. This subroutine performs the Chebyshev series integrations.

Care was taken in the programming, and various tests were made for the detection of errors.
However, the possibility remains that there are errors which did not make any significant difference
in the given examples, but which could show up in a more extreme case.

*Carpenter, L., *Computation of General Planetary Perturbations, Part Ill-An Expansion of the Distributing Force,” NASA Techaical
Note D-3078, 1965.
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Table A-1
Listing of CHBY and Subroutines.

CARPENTERs CHBY PRUGRAIMs COMPUTES PLANETARY PERTURBATIONS (ALPHA,
BETAs GAMMA)® IN CHEBYSHEV SERIES

DUUBLE PRECISIUN ERKKaXJsVeSAISBsSEsSNsSGLSMEP sPsQsRsEKsRADS
IPIsTWOP I sEP255025512+C02:5GZ2sSMINNRSO9STI sCOsSN2sAsBsCeyTHET sDLL
2EsCUSCsSINCIESESECEsBKsDCOSsDSINICOS2C,SIN2CsX s VAL SVALZ s FACSZK
3TWUSE»CNL1 sCN2sCN3 9CNGsDN1sDN2 s CNN 9y SABSTRATIOSDXZR s DSQKT

CUMMON X sEKKyNTRMaN1sXJsVsSAsSBsSEsSNsSGZsSMaEPsPsQsRs IPRINTSNTIM
COMMON TRATIOsDXZR+ZK

DIMENSION X{ 701s8) sAA(6)+s2ZK(6)» VI5)»ITITLE(12)
DIMENSION A(3)sB(3)9C(3)sP(3)s0{(3)sR(3)sVALI352)sVALZ(3,2)
FURMAT (4F1547)

FORMAT (1HO8X1IHX17X4HTHET41lX1HV/1P7D18.,10)

FORMAT (80(1H3))

FORMAT (18s6P6F12.4)

FORMAT (26H0O VALUE UF SERIES AT EPUCH/ 11X1HA19X1HBLl9X

71 IHCLE6XTHA PRIMEL1I3X7RHE PRIME13X7HC PRIME//)

8 FORMAT (1P60L20.10)

9 FURMAT (/2(7X1IHKIX1IHALPHA¥]lek6 2X10HBETA¥LleE6 1X11HGAMMA%¥1l.E6 )//
91)

1v FORMAT (2(18+s6P3F12e4))
12 FORMAT (10H CARPENTER)

13 FURMAT (22HOINTEGRATIUN CONSTANTS/1HOs9X2HZKsI1s5(17X2HZKsI1))
15 FORMAT (918)

17 FORMAT (8HO TEPUCH4X6HDTCHEB4XOHPEPOCH4X6HPTCHEBSX4HEPST/5F10641)
22 FORMAT (17HOTEST ZERU VALUES/1P6D20.12)
25 FORMAT (5HQ K55X2HNL113X2HNZ213X2HN3L2X4HCOSEL 1 X4HSINEZ /)
26 FORMAT (I5948X91P5E1547) .
29 FORMAT (26HO INITIAL CONDITIOUNS / 11X1HA19X1HB19X
291 1HC16X7THA PRIMEL13X7HB PRIME13X7HC PRIME//)

32 FORMAT (7HOVALID sF1l0els6H THRU 9F10el)

33 FORMAT (4D18.11)
34 FORMAT (18s0P3F1240910X91P3E15,7)

~NUVWN =

36 FORMAT (48&HJ N1 NTRM ITRM IPRINT IPUNCH )
37 FORMAT (28HOREFERENCE ELLIPTIC ELEMENTS/
371 IHOL13X2HSAZ3XZHOEZ22X3HS0222X3HS12/1P4D25415)

38 FORMAT (1HOLZ2X3HCOZ2Z3X2HSMZ22X4HSGZ220X6HSMINNR/ 1P4D25415)
39 FURMAT (1HO13X2HSBZ22X3HSN2/1P2D25,15)
41 FURMAT (12A6)
43 FORMAT(1H1)
52 FOKRMAT (64HOVECTOURIAL COUNSTANTS KEFERRED TO EQUATOR AND MEAN EQUIN
5210X 195040/
522 IHOLOX1HP19X1IHQLI9X1IHRI9GX1IHALIXIHBI9XIHC/ (1P6D20.12) )
PI=3.141592653589793
TWOPI=2.%PI
RAD=TWOPI/ 3604

EK IS THE GAUSSIAN CONSTANT
EK=0,01720209895D+00
EP2 1S NEWCOMB UBLIWUITY FOR JAN 0 1950s 23DEG 26MIN 44,845EC

EP2=23.445788588888b69
EP=EP2¥RAD

ENTRY POINT FOR SUCCESSIVE CASES
55 CONTINUE
DO 59 1=61s8

DO 59 J=1s 701
59 X (Js11=0.
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TAbLE A-1 (CONTINUEDL)

READ  (5941) ITITLE
TLE IS 72 BCD CHARACTERS USED AS A TITLE FOR THE RUN

READ (5915) N1sNTRMsITRMsIPRINT » IPUNCH

N1+1 NUMBER OF SPECIAL VALUES

NTR™m NUMBER OF COEFFICIENTS (NOT TO EXCEED 701)

ITRM NUMBER OF ITERATIONS FOR THIS RUN

IPRINT =1 PRINT RESULTS ONLY
=2 PRINT SPECIAL VALUES AND EXPANSION COEFFICIENTS
=3 PRINT TEST WUANTITIES IN FFD SUBROUTINE

IPUNCH =1 DO NUT PUNCH COEFFICIENTS ON CARDS

TEP
bTC
EPS

PEP

6u

61
62

NOT
SA
SE
SV2
SI
Co2
SM
5GZ
SMI

ZK

=2 PUNCH COEFFICIENTS

READ (5,1) TEPOCHsDTCHEBs EPS1

OCH JULIAN DATE OF THE EPOCH
HEB TIME INTERVAL IN DAYS FOR VALIDITY OF THEORY
1 CRITERION FUR TRUNCATING COMPUTED SERIES (AFTER STATEMENT 410)

READ (5s1) PEPOCHsPTCHED
UCHs PTCHED ARE EPOCH ANDL TIME INTERVAL FOR DISTURBING PLANETS

ASSIGN 570 TO NPUNCH

IF (IPUNCH=-1)62+62+60

PUNCH 12

PUNCH 3

PUNCH 3

PUNCH 3

IF (ITRM=1) 61+614+62

ASSIGN 568 TO NPUNCH

CONT INUE

READ (5933) SAsSEsSVU295129C0295MsS5GZ2 s SMINNR

ATION FOR ELEMENTS UF DISTURBED PLANET

SEMI~MAJUOR AXIS IN ASTRONOMICAL UNITS
ECCENTRICITY
ARGUMENT OF PRERIHELION (DEGREES)
INCLINATION (DEGREES)
LONGITUDE OF ASCENDING NODLE (DEGREES)
MASS OF DISTURBED PLANET IN UNITS OF SOLAR MASS
2 MEAN ANOMALY AT EPOCH (DEGREES)
NNR MASS OF INNER PLANETS (TO BE ADDED TO SOLAR MASS)

READ (5,33)2K
ARE INTEGKATIOUN CONSTANTS USED FOR COMPUTING SPECIAL VALUES

S0=502#%RAD

SI=S12%RAD

CO=CO2#RAD

SGZ=5GZLZ2¥%RAD
SN=EK#DSQRT (14 +SMINNR+SM) /SA%*%] .5
EKK=e5%SN*¥DTCHEB
TRATIO=DTCHEB/PTCHEB
DXZR=(TEPOCH~PEPUCH)*2,.,/PTCHEB
SN2=SN/RAD

SB=SA%DSQRT (1s—SE*%2)
S5AB=5SA/SB
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TABLE A-1 (CONTINUED)

WRITE (6+43)

WRITE (6+41)ITITLE

WRITE (6936)

WRITE (6915) N1sNTRMs ITRMs IPRINTs IPUNCH
WRITE (6937) SAsSE+502,S12

WRITE (6938) CO2s5MsSGZ22sSMINNR

WRITE (6539) SBs»SN2

WRITE (6s17)TEPUCHsDTCHEBsPEPOCHIPTCHEBSEPSL
XJ1=TEPOCH-DTCHEB/2.
XJ2=TEPOCH+DTCHEB/2

WRITE (6932) XJ1lsXJ2

VALZ ARE THE INITIAL CONDITIONS

READ (5933) ((VALZ(IsJ)sI=193)sJ=1s2)
WRITE (6529)
WRITE (638) ((VALZ(IsJ)sI=1s3)sJ=1+2)

WRITE (6513){(1s1=1+6)
WRITE (65812ZK
PQRDP2Z
CALL PQRDP2(S50sSIsCOsP3sQsRsEP)
DO 65 1=1+3
A(I)=5A%P(])
B(I)=5SB*Q(I)
65 C(I)=SA*R(1)
WRITE (6552) (P(I)sQ{I)sR{IIVsA(I)sB(I)}sC(I)sI=143)

READ INPUT PERTURBATIONS

NTIM=0
WRITE (6+9)
70 READ  (D5s5) Ks(AA(I)sI=156)

EACH CARD CONTAINS THE COEFFICIENTS OF T SUB K OF X AND T SUB K+l
OF X FROM THE PREVIOUS ESTIMATES OF ALPHAs BETA, GAMMA

KP=K+1
WRITE (6s10)Ks(AA(I)oI=153)sKPs(AA(I)s1=4»6)
IF (K=10Q01l) 80992,92
8V Ki=K+1
KPz=K+2
IF (K1=700) 82+82,70
82 CONTINUE
NTIM=KP
DO 90 I=1s3
J=1+3
X(K1lsI+D)=AA(])
X{KPsl+5)=AA(J)
90 CONTINUE
GO TO 70
92 CONTINUE
ITYPE=1

CALL FFD TO ReAD DISTURBING PLANET DATA FFD

CALL FFD (ITYPE)
ITTRM=1

ENTRY POINT FUR SUCCESSIVE ITERATIONS

94 ITYPE=2
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TABLE A-1 (GONTINUED)

DO 96 I=1s5
DO 96 J=1s 701
96 X (Js1)=0.

THE FOLLOWING OPERATIOUNS THRU STATEMENT 230 GIVE THE CHEBYSHEV

EXPANSTIONS OF THE DISTURBING FORCESe THE EXPANDED QUANTITIES ARE
V{l) Vi{2) Vi(3) Vi4) V(5)
ML*ADR 20 ¥M2¥ADR M3*ADR COS(tk) SIN(E)

WHERE M1ls M2s ™M3 ARE THE SUBSCRIPTED QUANTITIES FROM THE EQUATIONS
FOR THE PERTURBATIONSs ADR 1S5 THE FACTOR SMALL A/ SMALL R SUB ZERO»
AND E IS THE E£CCENTRIC ANOMALY IN THE REFERENCE ELLIPSE

XJ==1leL+0
CALL .FD FOR FIRST SET OF SPECIAL VALUES FFD

CALL FFD (ITYPE)

THET=PI

IF (IPRINT=2)11051005100
luvu CONTINUE

WRITE (692)XJ sTHET s(V(I)sI=1s5)
110 CONTINUE

DO 200 I=1s5

VII)=ebD+0%VT(1)
200 CONTINUE

Cob - ADDS CONTRIBUTIUNS OF SPECIAL VALUES TO SERIES COEFFICIENTS COEFF

CALL COEFF (XJsV)
EN1=N1

DLL=PI/EN1

DU 210 K=ZsN1
THET=THET-DLL
XJ=DCOS(THET)

CALL FFD FOR INTERIOR POINTS FFD

CALL FFD (ITYPE)
COEFF
CALL CUEFF (XJsV)
IF (IPRINT=2)2105202+202
202 WRITE (692)1XJ »THET s(V(I)sI=145)
210 CONTINUE
XJ=+1.D+0

CALL FFDL FOR LAST SET UF SPECIAL VALUES FFD

CALL FFD (ITYPE)

IF (IPRINT-2)2149212+212
212 CONTINUE

THET=0s

WRITE (63s2)XJ oTHET s(VI(I)sI=1s5)
214 COUNTINUE

DO 220 [=1+5

VII)=a5D+0%V (1)
22v CONTINUE

COEFF

CALL COEFF (XJsV)

FAC=2e4/EN1

N2=NTRM
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TABLE A-1 {(CONTINULD)

DO 230 K=1sNTRM

DO 230 1=1s5

X(KsI)=X{Ksel)*FAC
230 CONTINUE

IF (IPRINT=2)364+240+240
240 CONTINUE

WRITE (6+43)

WRITE (6s41) ITITLE

WRITE (6+25)

DO 340 K=1sNTRM

KP=K-=1

WRITE (6926) KPs(X(Ksl)sI=1s5)
340 CONTINUE

TEST ZERU VALUES OF X{(rsl) THRU X(Ks5)

DO 362 [=1sb
ZK{I)=eb5#*X(1lsI)
BK=1,
DO 362 K=33sN2s2
BK=~BK
ZK(I) =LKL )+BK*¥X(Ks )
362 CONTINUE
WRITE (6922)(ZK(I)sI=1s5)

PERFURM SERIES INTEGRATIONS (THRU STATEMENT 410)e THE PREVIOUS
VALUES OF THE PERTURBATIUGN COEFFICIENTS ARE NO LONGER NEEDEDe THE NEW
SERIES OCCUPY THE LD LUCATIUNS (X{Ks6)s X(Ks7)s X(Ks8))

364 TWOSE=2.%SE
X{1ls4)=X{1s4)-TWOSE

MLTPLY (I1sI2913) CAUSES THE SERIES X(KsIl) AND X(KsI2) TO BE
MULTIPLIED AND THE PRODUCT TO BE STORED IN X(KsI3)

CALL MLTPLY (491s8)

X{1ls4)=X(1s4)+TWOSE

CALL MLTPLY (5+257)

DO 370 K=1»sN2

X{Ks8)=X(Ks8)=X(Ks7)
370 CONTINUE

NTGRT (I1s12) CAUSES THE SERIES X(KsI1l) TO BE INTEGRATED WITH RESPECT
TO NT AND THE INTEGRAL TO BE STORED IN X(KsIZ2)

CALL NTGRT (8s7)
CALL MLTPLY (5+756)
CALL MLTPLY (55158)
CALL MLTPLY (442+7)
DO 380 K=1sN2
X(Ks8)==X(K98)=X(Ks7)
380 CONTINUE
CALL NTGRT (8s7)
X(1ls4)=X(1s4)~TWOSE
CALL MLTPLY (4+7,8)
X(1ls4)=X(1s4)+TWOSE
DO 390 K=1sN2
X{Ks6)=X(Ks6)+X(Ks8)
X(Ksl)5=~9E*X(Ks4)
390 CONTINUE
X(1s1l)=2e+X{1lsl)
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TABLE A-1 (CONTINUED)

CALL MLTPLY (1+2+7)

CALL NTGRT (7.8)

DU 400 K=1sN2

X{Ks6)=X(Ksb6)+X(Ks8)

X(K9B)=e5¥X(Ks8)—2e%X(Ks6)
400 CONTINUE

ALPHA IS NOW IN X(Ks6)
CALL NTGRT (8s7)

BETA IS NOW IN X(K»s7)
X(1le4)=X{1l94)~TWOSE
CALL MLTPLY (3s451)
CALL NTGRT (1s2)
CALL MLTPLY (2+598)
CALL MLTPLY (39551)
CALL NTGRT (1s2)
CALL MLTPLY (2s491)
DO 410 K=1sN2
X(KeB)=X(KsB8)~-X(Ksl)

410 CONTINUE

GAMMA IS NOW IN X(Ks8)
ESTABLISH TRUNCATION PUINTs NTItMs FrOM MAGNITUDES OF COEFFICIENTS

EPTST=EPS1/1k10
NTIM=NTRM+1
DO 414 K=1sNTRM
NTIM=NTIM=1
DO 412 1=193
IF (ABS(X{NTIMsI+5))-~EPTST) 41254165416
412 CONTINUE
414 CONTINUE
416 CONTINUE
WRITE (6s43)
WRITE (6+41)ITITLE

PRINT COEFFICIENTS

418 CONTINUE
WRITE (659)
DO 460 K=1sNTIMs2
Kl=K-1
L=K+1
DO 430 I=1s3
J=1+3
AALT ) =XK1 +5)
AA(J)=X(LsI+5)
430 CONTINUE
WRITE (6910)K1s{(AA(T)»I=193)9sKs(AA(])s][=4+6)
460 CONTINUE

EVALUATE SERI1ES AT EPOCH

DO 500 I=1»3

DO 500 J=1»s2

VAL(I9J)=0e
500 CONTINUE

DO 520 I=1s3

15=1+5
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520

TABLE A-1 (CONTINUED)

VAL(I91)=e5%¥X{1s1S)

VAL(I+2)= X{2-185)

BK=1.

FK=1.

DO 510 K=3sN2s2

BK=-BK

FK= FK+2e
VAL(TI91)=VAL(TIs1)+BK¥X(KsIS)
VAL{Is2)=VAL(1+2)+BK¥FK#X(K+1s1S)

CONTINUE

VAL(Is2)=VAL(1,2)/EKK

CONTINUE

WRITE (6s+41) ITITLE

WRITE (657)

WRITE (6s 8) ((VAL(IsJ)sl=193)sd=1s2)

WRITE (6+29)
WRITE (69 8)((VALZ{I1sJ)sI=193)sJ=1+2)

CONSTANTS OF INTEGRATION FOR INITIAL CONDITIONS

542

E=56Z

SINC=DSIN(E)

COSC=DCOS(E)

DO 542 1=1,3

ESE=SE#SINC
ECE=1.~SE*¥COSC
BK=(SGZ-E+ESE) /ECE
E=E+BK= o 5*BK*BK*ESE/ECE
SINC=DSIN(E)

COSC=DCOS(E)

CONTINUE
CN1=COSC/ (1l e—~SE*COSC)
CN3=SINC/ (1l «~SE*COSC)
CN2=-SINC

CN&4=COSC-5SE
DN1=VALZ(3s1)~VAL(3»1)
VDN2=VALZ(392)~=VAL(3s2)
ZK(5)=UN1I#CN1+DN2#*#CN2
ZK(6)=DN1I¥CN3+DNZ2*CN&
DN1=VALZ(1s1)~VAL(1ls1)
DN2=VALZ(1s2)~VAL(1s2)
ZK(3)=2e%DN1+VALZ(252)-VAL(252)
DN1=DN1=2.%ZK(3)
ZK(1)=DN1*¥CN1+DN2#CN2
ZK(2)=DN1*¥CN3+DN2#CN&
SIN2C=2 ¢ ¥*SINC*COSC
CUS2C=1 =2 *SINC*#*2
CNN==2 ¢ +SE*5E
ZK({4)=VALZ(251)~VAL(2s1 )+ {—CNN¥SINC=e 5*¥SE¥SIN2C)I¥ZK (1)
1 +( ~2e%¥CUSCHeSXSE*COS2C)*ZK(2)
WRITE (6513)(1s1=1+6)
WRITE (65 8)(ZK(I)sl=1+6)

ADD CUNTRIBUTIUNS FRUM CONSTANTS TO SERIES COEFFICIENTS

X{1e7)=X{197)+2.%2ZK(4)
X(297)=X(2sT)+3o%(SE*ZK(1)=-ZK(3))¥EKK
X(1s6)=X{196)+4e%¥ZK(3)~TWOSE*ZK(1)
X(1s8)=X(1s8) - —TWOSE*ZK(5)
X{1ls4)=X(1e4)+TWOSE

CALL MLTPLY (45451)
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TABLE A-1 (CONTINUED)

X{1lsl)=X(1ls1)-1.

X(Ksl) IS5 5%COS(2E)

CALL MLTPLY (4+542)

X{Ks2) IS «5%SIN(2E)

550

DO 550 K=1sNTIM
X(Ks6)=X(Ks6)+ZK(1)¥X(Ks&)+ZK{2)%¥X(Ks5)
X(KsB)=X(KsB)+ZK(5)*X(Ko&)+ZK(6)*X(Ks5)
X{K9s7)=X(Ko7)+ZK(1) ¥ (CNN¥X (K95 )+5E*¥X(Ks2))

FZK(2)%( 2e%*X(Ks4)—SE¥X(Ks1))
CONTINUE

PRINT AND PUNCH COEFFICIENTS

564

568
57v

EVALUATE SERIES AT EPOCH (SHOULD EQUAL INITIAL CONDITIONS)

580

59u

600

602

604

WRITE (6943)

WRITE (6s41)ITITLE

WRITE (6+9)

DO 570 K=1sNTIMs2

K1l=K=-1

L=K+1

DO 564 1=1s3

J=1+3

AA(T)=X(KsI+5)
AA(J)=X(LsI+D)

CONTINUE

WRITE (6s10)K1s(AA(T)esl=1s3)sKs(AA(I)sl=4s6)
GO TO NPUNCH 9(5684570)
PUNCH 59K1s(AA(I)sI=196)
CONTINUE

DO 580 1=1+3

DO 58U J=1s2

VAL(IsJ)=0e

CONTINUE

LU 600 I=1s3

I1S=1+b

VAL(I91)=eb%X(1s195)
VAL(1s2)= X(2s15)

BK=1,

FK=1,.

DO 590 K=3sN2s2

BK==-BK

FK= FK+2.
VAL(Is1)=VAL(Ts1)+BR*¥X(KsIS)
VAL(Ts2)=VAL(Is2)+BR¥FKXX(K+1s1S)
CONTINUE
VAL(1s2)=VAL(Is2)/EKK
CONTINUVE

WRITE (6s41) ITITLE

WRITE (6497)

WRITE (65 8) ((VAL(IsJ)sI=193)sJ=1+2)
DO 602 1=196

ZK(1)=0.

CONTINUE

ITTRM=ITTRM+1

IF (ITTRM=ITRM) 944+610,604
PUNCH 3

PUNCH 3

PUNCH 3

6O TO bbb

33



TABLE A-1 (CONTINUED)

61lu IF (IPUNCH=1) 94,94+620
620 ASSIGN 568 TU NPUNCH

GO TO 94

£ND

SUBROUTINE PURDP2(SUsST sCUsP sWsRIEP)
C COMPUTE VECTORS P,WsR
DOUBLE PRECISION SUsSIsCOsPsWsRsEPSEPCIEPSsCCO9SCOsCSU 5SSO,
X COIsS8STsTPLsTP2sDCOSsDSIN
DIMENSION P(3)sQ(3)sR(3)
C EP IS OUBLIWUITY OF ECLIPTIC

EPC=DCOS(EP)

EPS=DSIN(EP)

CCO=DPCLS(CO)

SCO=DSIN(CU)

C50=DCOS(S0)

S50=DSIN(SQ)

CSI=DCOS(51)

SSI=DSIN(SI)
P({1)==CSI¥*550%S5CO+CSU*CCO
TP1 =+CSI*SS0%¥CCO+CSO*SCO
TP2 =+5S51%550
P(2)=EPC*TP1~EPS*TP2
P(3)=EPS*TPL+EPC*TP2
Q(1)=~CSI*COSU¥SCO~-55U%CCO
TP1 = CSI¥CS0%CCO-550%5C0
TP2 = SS5I#CsV
Q(2)=EPC*TP1-EPS*TP2
Q(3)=EPS*TPL1+EPCX*TP2
R(1l)= $SI#*#5CO

TP1 =-5S[*CCO

TP2 = (€SI
R(2)=EPC*TP1-EPS*TP2
R(3)=EPS*TPL1+EPC*TP2
RETURN

END

34



TABLE A-1 (CONTINUED)

SUBRUUTINE FFD (ITYPER)
C  SUBRUUTINE FUR CumPUTING SPECIAL VALUES LF DISTURBING FORCE
DOUBLE PRECISIUN ERKRsXJsVeSAISBISE sONs5GLsoMaEP sPsWsRsEKIRAD Xy
lDAb’P7,P99Pll’P13,bAZsCll9C3195AP,5EP’bUPZsbIPZ,CUPZ,bMPZ)SGZPZ,
ZbMINNR$bUP9CUP951PbeZP,bNP’SNPZ9PPP9UPP,RPP955P9AP,bP,CPsPPyQPy
3RP95MP95NPA2,EKP9ENT9bGsE9SNE9CbEsDC059DSIN9DSQRT9ESE9ECE’BK9C05E9
4SINE95R9SK2{bR39ADR9TADR95R2951952$EX9$RV’F9ENTP,SGP9CK19CK29CK39
55PZ s RHUZ s SRP 2 3 SPV ¢ RHU s CRHU s CSRP s TRATIO s DXZR 9 XJP 3 ZK 3C519CS524552
6HALFSE 9 SEE
COMMUN XobkKoNTRIMaNL sXJaVsSAsSBsSEISNSSGL s SMaEPsPsQsRs IPRINTSNTIM
COMMON TRATIODXZRZK
DIMENSION SEP(9)+s5GZP(9) sPPP(3)sWPP(3)sRPP(3)sAP(359)sBP(3+9)s
1CP(359) sPP{3)suP({3)sRKP(3)s5MPA2(9)sX( 70181), Y(351200)s AA(6)
ZNTPM(9)95HZ(2)9SW(2)931(2)952(2)9PERT(3)95(3)QSRV(3)9F(3),EKP(9)9
35PZ(3)95N£(3)90PV($)aKHU(3)91TITLt(lZ)9P(3)aQ(3)9H(3)9V(5)a
4NFIRST(9) 94K (6)
1 FORMAT (12A6)
2 FORMAT (1HL1s12A6+4H M=s12)
3 FORMAT (4D18.11)
4 FORMAT (12HJSMALL UMEGAF15e7sF1347515H ) ECLIPTIC ANUBXTHSMALL E
4] Fl2e.8/12H CAP OMEGAF1be75F13e791bH ) MEAN EQUINOXS5XTHSMALL A
47 FllelsoXZHAU/Z8H SMALL IF1l9e7sF13a791LH ) 19506 09X7THOSMALL N
43 btlbedsBH DEG/DAY/TH G ZtROF20e7sF13e73s20X7THSMALL ME1648)
5 FURMAT (IHR7XIHALI3X1HBL13X1HCLOX7H P TXTH Q TXTH R /7))
6 FURMAT (6Fla.8s15H ) EQUATUR  AND/
61l 6FL4e8915H ) MEAN EQUINOUX/
62 6FLl4e891l2H ) 1950.0)
7 FORMAT {(1HO)
8 FORMAT (6F1l4e.8915H )} PsQsRsSYSTEM/
81 6Fl448s 9H ) UF/
82 6F14.8915H ) COORDINATES)
9 FORMAT (18s6P6F1244)
1u FORMAT (/2{7XIHKL1XLIHALPHA*1eE6 2X10HBETA¥*1leED 1X11HGAMMA%¥1.,E6 16X
Lul7HSTORAGE/ /)
1L FURMAT (50H0 K A¥%2%F (1) SUM ALPHA»BeTA s GAMMA EsCOS(E)oSIN
111(E)EXOHSRVIT)1Z2X6HOSRZ (1) 13X5HSW(I))
12 FORMAT (Lti0s13s1PD1BelUsELBTs2L18410)
L3 FURMAT {(4X91PD1BeL0sEL1Be795D18410)
14 FURMAT (25H0 M DISTURBING PLANETSI4X6HRHU(IL))
16 FORMAT (2(18,6P3F12e4)9218)
17 FURMAT (LHOL7XTHDEGREESTXTHRADIANS)
IF (ITYPE-21100+3005300

C
C COMPUTE CUNSTANTS AND READ DISTURBING PLANET DATA
C

100 CONTINUE
KEPITR=3
IF (SE-0e25)10451025102
102 KEPITR=4
l1o4 CONTINUE
RADS2 %34 141592653089 793/360.
SAB=5A/ 5B
EK=0,01720209895D+0
P 7= Te/ 6
P 9= 9e/ 8e
Pl].:ll./l()o
Pl3=13e/12
SA2=5A%SA
HALFSE=SE#*e5
SEE=—-24+5SE%*%2
Cll=1.9%5A2



TABLE A-1 (CONTINUED)

C31=—-15.%5A2/8.

M=0
K2=0
C
C ENTRY FOR SUCCESSIVE DISTURBING PLANETS
C ,
11U CONTINUE
M=M+1
READ (591)ITITLE
WRITE(6s2)ITITLE WM
READ (593) SAPSSEP(M) 9SOP25SIP2,COP2sSMP29s5GZP2 s SMINNK
C
C ELEMENTS UF DISTURBING PLANETS IN SAME FORM AS DISTURBED PLANET
C
S0P =50P2 *RAD
COP=COP2 *RAD
SiP=51IP2 *¥RAD
SGZP (M) =5GZP2 #*RAD
SNP=EK#*DSQRT(1e+SMINNR+SMP2)/SAP%*%]1 4,5
SNP2 =SNP /RAD
WRITE (64+17)
WRITE(6s4) SOP2sSOPsSEP (M) sCUP23sCOP4SAP3SIP24SIPsSNP2435GZP2,
15GZP (M) s SMP2
C PQRDPZ
CALL PWRDP2 (SUPsSIPsCOP$PPP QPP sRPPSEP)
SBP=SAP  *DSQRT (le—SERP(M)*%2)
DO 120 I=1.3
AP (1 9M)=5AP *PPP(1)
BP(1sM)=5BP *QPP (1)
CP{IsM)=5AP #*RPP(1)
12u CONTINUE
WRITE(64+5) R
WRITE{(O9s6) (AP{IsM)soP {1 sM)sCP{LslM) sPPP(I)sWPP{I)sRPP({I)sI=1+3)
DO 130 I=1s3
PP(I )=0e
QP(I 1=0s
RP (1 ) =0
130 CONTINUE
DO 140 J=1+3
PP(1 )=PP(1 VAP (J)RPPP(J)
QP(1 )=QP (1 y+P(J) *WPP(J)
RP ({1 )=RP ({1 Y+P(J)*RPP(J)
PP(2 y=PP(2 1+Q(J)*PPP(J)
QP (2 }=QP (2 )+Q(J) *¥QPP(J)
RP(2 )=RP(2 V+HQ(J) ¥KPP(J)
PP(3 )=PP(3 JHR(J)*PPP(J)
WwP(3 )=k (3 Y+HR{J)¥QPP(J)
RP(3 )=RP (3 JHER(J)FRPP(J)
140 CONTINUE
DO 150 [=1.3
AP(IsM)=5AP #*¥PP (1)
BP(IsM) =58P #*QP (1)
CP(1+sM)=SAP #RP (1)
150 CONTINUE
WRITE(6s7)
WRITE(6s8) (AP (1 sM)stP (I aM) s CP(IsM) PP (] JoWwP (I ysRP (1 )sI=193)
SMP=SMP2/ {1« +SMINNR+SM)
SMPA2 (M) =5A2%S5MP )
EKP (M) =EKK®SNP /7 (SN*¥TRATIO)
C
C REAUD PERTURBATIUNSe ALL COEFFICIENTS STOREL IN Y ARRAY

36
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NFIRST(M)=K2+1
NTPM(M) =0
WRITE(6510)
19u READ (599) Ks(AA(I)s1=196)
KK=K+1
KP=K+NFIRST ()
KP1=KP+1
WRITE(6516)Ks (AA({TI)sI=153)sKKs(AA(I)sI=4,6)sKPsKP1
IF (K-10ul)2005110+220
20U K1l=KP
K2=KP1
IF (K2-1200)20252025190
202 CONTINUE
NTPM(M)=K+2
DO 210 1I=1.3
J=1+3
Y(IsK1l) =AA(I)
Y{IsK2) =AA(J)
21u CONTINUE
GO TO 190
22U NPLNET=M
K=0
RETURN

COMPUTE SPECIAL VALUES

300 CONTINUE
K=K+1

COMPUTE PUSITIUN VECTOR OF DISTURBED PLANET

ENT=EKK#XJ
SG=SGZ+ENT
E=5G
SNE=DSIN(SG )
CSE=DCOS(SG )
DO 310 I=1sKEPITR
ESE=SNE*SE
ECE=1e.-CSE*SE
BK=(SG —-E+ESE)/CCE
E=E+BK— ¢ D*¥BK*¥BK*ESE/ECE
CSE=DCOS(E)
SNE=DSIN(E)

310 CONTINUE
COSE=CSE
SINE=OSNE
CS1=COSE-5SE
CS2=2+¥COSE-SE¥*{ ¢ 5-SINE*%2)
S52=SEE*SINE+SE* (SINE*COSE+3.+¥ENT)
V{4)=COSE
V(5)=SINE
SR =SA¥(1e=-SEX*¥COSE)
SR2=5R#SR
SR3=SR*SR2
ADR=SA/SR
TADR=2+%ADR
SRZ(1)=5A%Cs1
SRZ(2)=SB¥5INE
SW(1)=—SAXADR*SINE
SW(2)= SB¥ADR¥*COSE
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TABLE A-1 (CONTINUED)

S1(1)= ADR*COSE

S1(2)= ADR¥SINE*SADB

52(1)= —-TADR*SINE

$52(2)= TADR®#CS1*SAB

ALPHA=2 ¢ LK (3 ) +ZK (1) *¥CS1+ZK(2) %#SINE

GAMMA= ZK(5)*¥CS1+ZK(6)*SINE

BETA =ZK(4)+ZK(1)*552+ZK(2)}%CS2-3 4 *ENT*ZK(3)

NTIM 1S5 THE NUMBER OF TERMS IN THE SERIES FOR THE PERTUKRBATIONS

330

340

350

36V

370

EX=2e%XJ
IF (NTIM=1)37053305340
ALPHA=.5%X(156)  +ALPHA

BETA =«5%¥X(1s7) +BETA
GAMMA=«5%X(1+8) +GAMMA

GO TO 370

CONTINUE

DO 360 1S=698

B2=0.

Bl=0.

NTR=NTIM-1

DO 350 I=1sNTR

[1=NTR=-F+2
BZ=EX*pl-B2+X(11s15)

B2=81

B1l=Bz

CONTINUE

JS5=15-5

PERT(JS )= D¥ (EX¥B1=2+%B24X(1+15))
CONTINUE

ALPHA=PERT (1) +ALPHA
BETA =PERT(2) +pETA
GAMMA=PERT (3) +GAMMA
CONTINUE
S(1)=ALPHA¥®SRZ(1)+BETA%*SW(1)
S(2)=ALPHA¥SRZ(2)+BLTA¥SW(2)
S(3)=GAMMA*SA

EXPAND SOLAR TERMS IN PUWERS OF PERTURBATIONS

371

372

SQ=5(1)#5(1)+5(2)%5(2)+5(3)%5(3)

SRV(1)=5RZ{1)+5(1)

SRV(2)=5RZ(2)+5(2)

SRV (3)= S(3)

DEL=(2e%(SRZ(1)*¥S(1)+SRZ(2)%¥5(2))+5Q)/S5R2

Cl=C11%*¥5Q/(SR2%5R3)

C2=C11%*DEL/SR3

C3=C31¥DEL*%2% (1o —PT*UEL* (1e—PI*DEL*{1ea—PLI¥VDEL¥*(1.-P13%DEL))))/SR

13

F(1)=C1*SRZ(1)+C2*S(1)+C3%SRV (1)
F{2)=Cl*SRZ(2)+C2%5(2)+C3*S5RV (2} -
F(3)= C2%#5(3)+C3%SRV(3)

IF (IPRINT=3) 37243715371

WRITE (6s11)

WRITE (6912) KsF(1)9sALPHAS EsoRVI1)s5RL(1)s5wW (1)

WRITE (6913) F(2)s BETASCOSEsSRV(2)s5RZ{2)9SWI(2)
WRITE (6913) F(3)sGAMMASSINE sOSRV(3) sSRZ(3)s5wW(3)
CONTINUE

NEXT TAKE THE DISTURBING PLANETS



TABLE A-1 (CONTINUED)

IF (IPRINT-3)3769374+374
374 WRITE (6s14)
376 XJP=XJ¥TRATIO+DXZR
EX=2+%XJP
DO 480 M=1sNPLNET
ENTP=EKP (i) *XJP
SGP=SGZP (M) +ENTP
E=5GP
SNE=DSIN(SGP)
CSE=DCOS(SGP)
DO 380 1=1+3
ESE=SNE#SEP (M)
ECE=14~CSE*¥SEP(M)
BK=(SGP-E+E£SE) /ECE
E=E+BK=« 5¥BK¥BK*¥ESE/ECE
CSE=DCOS(E)
SNE=DSIN(E)
38u CONTINUE
CK1=CSE~SEP (M)
CK2=~SNE/{1e—SEP(M)#*CSE)
CK3=CSE/ (le=SEP(M)*CSL)
DO 390 I=1s3
SPZ(1)=AP (1 sM)*CK1+BF (I sM)*SNE
SWZ(1)=AP(I1sM)*CK2+BP (I sM)*CK3
390 CONTINUE
IF (NTPM{M)=1)4002410+420
400 ALP=0.
BEP=0.
GAP=0.,
GO TO 450
410 JPP=NFIRST (M)
ALP=45%Y (1sJPP)
BEP=49%Y (29JPP}
GAP=.5%Y(39JPP)
GO TO 450
42U CONTINUE
NTP=NTPM(M)-1
DO 440 15=1,3
B2=0.
Bl=0e
DO 430 I=1sNTP
I1=NTP-1+2
JPP=NFIRST(M)+11-1
BZ=EX#*Bl-82+Y{(ISsJPP)
B2=B1
Bl=82
430 CONTINUE
JPP=NFIRST (M)
PERT(IS)=eD* (EX*B1=2+%B2+Y(IS59JPP))
440 CONTINUE
ALP=PERT(1)
BEP=PERT(2)
GAP=PERT (3}
450 CONTINUE
RHU2=0+e
SRP2=0e
DO 460 I=1»s3
SPV(1)=(1e+ALP)*SPL(1)+BEP*SWZ(1)+GAP*CP(IsM)
RHO(I)=SPV(I)-SRV(I)
RHO2=RHO2+RHO (1) #RHO(1])
SRP2=SRP2+SPV (1) %*SPVI(I)



C

460

470

471

480

COMPUTE CUNTRIBUTIUNS UF SPECIAL VALUES TO SERIES COERFFICIENTS

10v

120

TABLE A-1 (CONTINUED)

CONTINUE

CRHO=5MPA2 (M} / (RHOZ2¥DSQRT (RHO2) )
CSRP=SMPAZ (M) / (SRP2¥DSURT (SRP2))

DO 470 I=1s3

FOI)=F(I)+CRHO*RHO(1)-CSRP*SPV(I)

CONTINUE

IF (IPRINT=3)480s471+471

WRITE (6912) MsF(1)sALPs EsSPV(1)sSPZ(1)s5wZ(1)sRHO(1)
WRITE (6513) F(2)sBEPsCSEsSPVI(2)sSPZ(2)s5wZ(2)sRHO(2)

WRITE (6513) F(3)sGAP9SNESSPV(3) sSPZ(3)sSWZ (3)sRHO(3)
CONTINUE

V(1) =F(1)#S1(1)+F(2)%51(2)

V(2) =F(1)¥S2(1)+F(2)%52(2)

VI{3) =F{(3)

RETURN

END

SUBROUTINE COEFF

DOUBLE PRECISION XJsVsXs TZsT1lsT2sTWOXsEKK
DIMENSION V(5)sX( 7014+8)
COMMON X osEKKsNTRMoNLsXJsV
TZ=1,

Tl=XJ

DO 100 I=1sb

X (lol)=X (1lel)+VI(I)

X (2s1)=X (2+1)+V(I)*T1
CONTINUE

TWOX=2e#*XJ

DO 120 K=3sNTRM
T2=TWOX*T1-TZ

DO 110 I=195

X (KeI)=X (Kol )+V(I)*T2
CONTINUE

T4=T1

Tl=T2

CONTINUE

RETURN

END



TABLE A-1 (CONTINUED)

SUBROUTINE MLTPLY (I1e12,13)
C PERFORM CHEBYSHEV SERIES MULTIPLICATION
C THE FACTORS ARE IN X(KsJl) AND X{(KsJ2)e THE PRODUCT GOES IN X(KsJ3)e
COMMON X( 701s8) sEKKsN
DOUBLE PRECISION EKKsXsEX
Ji=I1
J2=12
J3=13
DO 100 K=1l1l»s 701
X(K9J3)=0e
100 CONTINUE
N1=N
DO 130 K=1sN1
EX =0
IM=N-K+1
DO 120 I=1sIM
L=T+K-1
eX = EX +X(IsJ1)¥X(LsJ2)+X(LaJ1)¥X(IsJ2)
120 CONTINUVE
X{Ksd3)=eb*EX
130 CONTINUE
X(19J3)=X(19J3)—eb¥X(1sJ1)¥X(1sJ2)
DO 150 K=3sN1

EX =Ue
IM=K-1
DO 140 I=2s1IM
L=K=-I+1

EX = EX +X(IsJ1l)*¥X(LeJ2)
140 CONTINUE :
X(KsJ3)=o5¥EX +X(KsJ3)
150 CONTINUE
RETURN
END

. SUBROUTINE NTGRT (JlsJ2)
C PERFORM CHEBYSHEV SERIES INTEGRATION
C THE INTEGRAND IS STORED IN X(KsJ1l) AND THE INTEGRAL IN X(KsJ2Z)
C THE FACTOR EKK COMES FRUM D(NT) = EKK ¥ D(X)
COMMON X( 70198) sEKKsN
DOUBLE PRECISION EKKsXsEKZsEK

I=J1

J=J2
X(loJ)=0.
EK2=24/EKK
EK=0.

DO 100 K=2sN

EK=EK + EKZ

X(KsJd)= (X(K=1sI)=X(K+1s1))/EK
100 CONTINUE

X(N+1sJ)= X(N»I)/{EK+EK2)

RETURN

END






Appendix B

Motions of the Five Outer Planets

The coefficients in the Chebyshev Series for the perturbations of the five outer planets com-
puted by the CHBY program are tabulated in units of the sixth decimal of a radian. They may be
converted to seconds of arc by applying the factor 0.20626 48062. The coefficients are to be
multiplied by the Chebyshev polynomials T, (x) and summed over k taking care to include the
factor 1/2 for the coefficients of T, (x). Letting JD be the Julian Date for which the series are
to be evaluated, the independent variable x is defined to be

_ JD-2415200.5
X = 36800.

The series are most readily evaluated using Clenshaw's procedure (page 4).

The reference elements for the planets are given in Table 1 on page 17. The position vector
is computed using the formula

T = (l+ta)T, + Bw + yaR

where

¥, = af’(cose—e)+a 1-e2? Qsine

o = sin € cos €
v aP {=ecose * 2yl e? Ql—ecose :

The vectors, P, ¢ and R are the usual unit vectors of the reference ellipse, and a, e, and € are the
semi-major axis, the eccentricity, and the eccentric anomaly respectively from the reference
elements. The quantities ¢, 8 and ¥ are the values of the perturbation components obtained from
the series. The FFD subroutine described in Appendix A contains a routine for evaluating the
position vector T (designated as SRV(I) on page 38).
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a:106

41.0068
60.0357
56.1745
30.4887
-1.7558
10.9379
—48.6814
~62.4461
-49.1141
16.7849
106.8185
102.5929
15.3416
-37.5174
-54,1821
-105.8205
41.8078
38.0307
101.9230
~-10.0253
-206.2312
85.6049
131.4694
—-56.5534
-113.9580
101.9795
12.3426
-54.6286
-0. 82‘06
85.8566
142,5251
140.6076
-92.1606
46.0670
—22.4135
2.5940
15.1087
-14.0073
1.4038
3.1821
=-0.7673
0.0172
0.5087
-2.1887
0.2199
6.1467
11.1558
10.8666
-6.3916
1.0327
2.2057
—2000‘02
=0.0494
0.8534
0.5323
=2.3731
3.4051

B-106

-964.6742
-817.3009
-254.3264

-6.5151
227.6389

-205.5816

83.3622
36.7154
129.0287
203.1693
150.8379
55.8459

-124.6497
-119.7082

-19.5208
-31.5345
86.2014
-9.2830
25.2031
11.1649

-105.0949

~19.4592
161.9853
19.2558

=231.7505

132.6225
81.4299

-128.8878

30.2461
101.3808

=196.3644

195.3193

~120.8940

60.4510
=36.2147
11.3696
13.6367
-14.2821
0.0326
8.1046
-4.0928
17.0122
-13.7247
-6.5770
20.6774
-19.3067
15.1854
=13.7407
94454
-2.7382
-1.9774
3.8788
-2.2503
-2.2460
4.1177
-0.9590

Table B-1

Perturbations of Jupiter.

v+106

10.3494
9.6772
8.3875
6.0424
2.8009

-1.7433

649742

-11.3516
~13.5748
-10.3020

-0.7374
7.8830

12.3684
6.5005

~5.5719

-12.2502

-3.2118
9.8041
7.9056

-8.0801

-8.0610

10.1534
1.5852

-8.8873
6.9647

-3.1731
3.7752

-2.1172
1.1932

-0.9016
0.3045

-0.0573
0.2609

-0.1282

-0.2539
0.4072

-0.4180
0.3743

-0.0560
0.4837

-0.2533
0.1356

-0.1433
0.0854

-0.0377
0.0437
0.0010

-0.0497
0.0309

-0.0418
0.1039

-0.0931
0.0042
0.0560

-0.0774

a-10°

-50.3624
-92.9013
-117.8735
-113.3669
-54.3652
-112.2293
-84.6521
-T78.5943
-42.9846
23.2458
T6.2245
95.7224
36.0233
-20.3804
-23.7197
-41.2314
12.0688
2.1234
18.8944
30.7930
-43.5636
-63.3686
63.3958
82.2052
-118.1470
3.2582
74.5184
-48.8866
-18.3180
B7.6661
-119.6170
91.2678
~464.5239
26.1330
-15.0708
-2.6360
11.4880
-4.8539
-3.4586
6.0530

-2.2715.

-8.0865
13.8119
-3.4056
-11.8829
15.4827
-11.5334
10.0323
-8.8053
4.4375
-0.0066
-2.5208
2.9298
-0.1186
-303024
2.7004
0.4281

B-106

-127.7253
-43.4000
-213.1945
-196.1025
46.9609
~240.7871
-45.8933
58.8386
203.7106
234.2475
~9.8271
-200.2563
-122.5103
=45.2421
-86.6018
253.1597
14.5463
87.5261
-175.1915
-259.7033
379.8159
68.1574
~235.6212
-71.1815
245.5480
~91.4539
-76.4076
57.6334
82.8196
-217.4124
264.7143
-210.3814
119.7310
-58.1602
20.8873
11.7641
-25.1688
12.6865
1.7202
-3.7889
1.0458
1.1958
-3.2505

-0.0081
-14600

207967
-3.4803

7.106

~11.9075
~11.4463
-13.5004
~14.0284
~11.6129
~-13.8608
-10.1755
-5,9003
2.6959
12.1237
11.6506
6.6656
=-5.4107
~11.4359
-5.4267
5.9139
10.0773
0.0915
-10.3064
—-245678
11.5993
—-4.,3748
-5.9795,
8.75717
=3.5167
-2.3500
4,2822
1.6722
-0.1243
0.0001
-0.0810
0.2122
-0.0047
0.3271
-0.5801
0.2467
0.1181
-0.0579
-0.0593
0.3655
-0.2664
-0.0735
0.2848
-0.2097
-0.0115
0.1593
-0.1407
0.0330
0.0514
-0.0916
0.1054
-0.0803
0.0280
0.0033



114
116
118
120
122
124
126
128
130

208
210
212
214
216
218
220
222
224
226
228
230

a-108

-3.8685
3.6750
-2.4109
0.6711
0.6635
-1.3730
1.2817
~0.4162
-0.2551
0.0355
0.3423
-0.1529
~0.1835
0.2629
-0.3337
0.4715
-0.5058
0.4928
-0.4003
0.0809
01667
0.0095
=0.2786
0.1962
0.0531
-0.1374
0.0855
0.0029%
—-0.0967
0.1016
-0.0420
0.0858
~0.1857
0.1470
-0.0381
0.0648
-0.1892
0.2411
-0.1827
0.0639
0.0514
=-0.0775
0.0158
0.0210
O.
0.0045
=-0.0491
0.0604
-0.0293
0.0150
~0.0444
0.1014
-0.1490
0.1389
-0.0675
-0.0014
0.0223
-0.0189
0.0187

3.106

~2.0228
1.1441
1.1631
-2.7535
4.0900
-4.8812
4.4583
-3.3282
1.7352
0.2884
~1l.4341
0.7835
0.3688
-0.5500
0.0129
0.4591
-0.6300
0.3937
0.2255
-0.8682
1.3272
~1.6225
1.5311
-0.8649
0.0247
0.4142
-0.3752
0.1531
0.0089
-0.0105
-0.1180
0.2286
~-0.2114
0.0869
0.1047
-0.3450
0.5422
-0.5626
0.3908
-0.1513
-0.0295
0.1050
-0.0881
0.0301
0.0016
0.0206
~0.0664
0.0952
-0n0851
0.0245
0.0717
-0.1520
0.1760
-0.1501
0.0965
-0.0303
-0.0227
0.0374
-0.0224

TABLE B-1

7.106

0.09390
-0.0937
0.0476
-0.0061
-0.0082
0.0088
0.0005
-0.0100
-0.0014
0.0249
-0.0342
0.0297
-0.0229
0.0091
0.0126
-0.0281
0.0312
-0.0270
0.0172
-0.0046
-0.0027
0.0023
-0.0005
0.0014
0.0105
-0.0156
0.0150
-0.0077
-0.0019
0.0089
-0.0118
0.0106
-0.0066
0.0023
0.0002
-0.0009
0.0006
"0-0001
0.0003
-0.0022
0.0048
-0.0059
0.0045
-0.0016
-0.0013
0.0033
-0.0035
0.0025
-000015
0.0007
0.
-0.0001
0.0002
0.0005
-0.0015
0.0021
-0.0020

{CONTINUED)

K

11>
117
119
121
123
125
127
129
131
133
135
137
139
141
143
145
147
149
151
153
155
157
159
161
163
165
167
169
171
173
175

179
181
183
185
187
189
191
193
195
197
199
201
203
205
207
209
211

215
217
219
221
223
225
227
229
231

a.loﬁ

-1.2100
~-0.3980
1.7274
—2.6468
3.6265
-3.7969
3.0393
-1.9887
0.5624
0.8631
-1.0503
0.1027
0.4995
-0.2530
-0.1820
0.4404
-0.4813
0.1495
0.4385
-0.9423
1.2859
-1l.4177
1.0772
-0.3293
-0.2870
0.4364
-0.2837
0.0969
-0.0064
0.0556
-0.1780
0.2303
~-0.1592
0.0100
0.1933
~0.4121
0.5241
~0.4424
0.2357
-0.0387
-0.0769
0.1015
-0.0578
0.0065
-0.0047
0.0474
-0.0901
0.1020
-0.0668
-0.0170
0.1109
-0.1610
0.1557
-0.1171
0.0598
-040002
-0.0321
0.0274
-0.0096

3.106

3.7220
-3.0528
1.3798
0.3242
-1.3755
1.6904
-1.1252
0.1276
0.2150
0.1367
-0.1887

- =0.1931

0.3455
-0.2560
0.2929
~-0.3788
0.4040
-0.4197
0.2578
0.0717
-0.1153
-0.1877
0.3036
-0.0731
-0.1160
0.0923
0.0055
-0.1025
0.1358
-0.0536
0.0065
-0.1036
0.1635
-0.0768
0.0338
-0.1450
0.2580
-0.2469
0.1394
-0.0032
-0.0744
0.0377
0.0305
-0.0266
-0.0040
-0.0165
0.0471
-0.0321
0.0071
-0.0231
0.0795
-0.1450
0.1692
~0.1184
0.0333
0.0143
~0.0164
0.0124
-0.0122

y+106

-0.0027
-0.0046
0.0084
-0.0052
-0.0089
0.0160
-0.0023
-0.0114
0.0093
-0.0068
0.0115
-0.0116
0.0071
-0.0057
0.0042
-0.0022
0.0069
-0.0117
0.0056
0.0032
-0.0033
-0.0007
0.0017
-0.0019
0.0016
0.0012
-0.0023
0.
0.0014
-0.0019
0.0051
-0.0082
0.0068
-0.0028
-0.
0.0014
-0.0013
-0.0004
0.0013
0.0001
-0.0015
0.0016
-0.0016
0.0013
0.0005
-0.0028
0.0042
-0.0042
0.0031
-0.0010
-0.0006
0.0007
-0.0001
~0.0001
O.
0.0003
-0.0010
0.0015
-0.0013
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232
234
236
238
240
242
244
246
248
250
252
254
256
258
260
262
264
266
268
270
272
274
276
278
280
282
284
286
288
290
292
294
296
298
300

304
306
308
310
312
314
316
318
320
322
324
326
328
330

334
336
338
340
342
344
346
348
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«-108

-0.0128
-0.0043
0.0167
-0.0148
0.0035
0.0043
0.0090
—=0.0455
¢.0780
-0.0794
0.0550
-0.0260
0.0030
0.0119
-0.0163
0.0113
-0.0025
~0.0043
0.0043
0.0029
-0.0086
0.0026
C.0141
-0.0303
0.0377
=0.0346
0.0235
-0.0027
0.0081
-0.0076
0.0037
0.0001
-0.0002
-0.0032
0.0059
-0.0045
-0.0011
0.0086
-0.0151
0.0175
—0.0144
0.0079
-0.0014
-G.0027
0.0037
-0.0025
0.0011
~-0.0010
0.0020
-C.0031
0.0035
-0.0022
~0.0010
0.0048
-0.0072
0.0071
—0.0049
0.0020

B-10%

0.0064
-0.0055
0.0204
-0.0412
0.0465
-0.0255
-0.0053
0.0270
-0.0403
0.0469
0.0200
-0.0001
0.0099
-0.0028
0.0004
-0.0091
0.0193
0.0126
-0.0062
0.0013
0.0039
-0.0082
0.0095
-0.0068
0.0009
0.0034
-0.0020
-0.0015
0.0006
0.0043
-0.0078
0.0077
-0.,0059
0.0042
-0.0036
0.0034
-0.0021
0.0006
-0.0007
0.0020
-0.0017
-0.0004
0.0019
-0.0012
-0.0010
0.0029
~0.0032
0.0024
-0.0018
0.0021
-0.0026
0.0026
0.0029
-0.0028
0.0017

TABLE B-1

7.106'

0.0012
-0.0001
-0.0006

0.0007
-0.0007

0.0006
-0.0003

O.

-0.

0.0001
-0.0001
-0.0001

0.0004
-0.0007

0.0008
-0.0005

0.0002
-0.0001

0.

0.

-0.

0.0001
-0.
-0.

0.
-0.

0.

0.

(CONTINUED)

a-108

0.0025
-0.0126
0.0353
-0.0525
0.0432
-0.0125
-0.0157
0.0326
-0.0430
0.0435
-0.0292
0.0087
0.0058
=-0.0097
0.0044
0.0014
0.0035
-0.0165
0.0235
-0.0192
0.0112
-0.0049
-0.0010
0.0064
-0.0093
0.0085
-0.0040
-0.0015
0.0026
0.0011
-0.0029
-0.0011
0.0067
'000091
0.0083
-0.0063
0.0047
-0.0038
0.0028
-0.0010
0.0003
-0.0013
0.0020
-0.0005
-0.0019
0.0024
-0.0006
-0.0019
0.0035
-0 «0034
0.0026
-0.0024
0.0026
-0.0026
0.0024
-0.0026
0.0029
=-0.0022
0.0007

B-108

0.0027
0.0107
-0.0139
0.0049
0.0069
-0.0040
-0.0267
0.0692
-0.0887
0.0736
-0.0427
0.0151
0.0039
0.0127
-0.0059
-0.0019
0.0050
-0.0001
0.0087
0.0047
-0.0239
0.0371
0.0309
-0.0171
0.0033
0.0054
-0.0079
0.0054
-0.0012
~0.0009
-0.0012
0.0051
-0.0060
0.0022
0.0050
-0.0127
0.0174
-0.0169
0.0117
-0.0048
-0.0007
0.0034
-0.0031
0.0016
-0.0007
0.0013
-0.0025
0.0033
-0.0029
0.0007
0.0031
~0.0064
0.0076
-0.0063
0.0036
-0.0008

-0.0003
0.0001
0.

—0.

-0.

o.
0.0001

-0.0001
0.0002

-0.0002
0.0002

-0.0001

-0.0001
0.0002

-0.0002
0.0001

-0.0001
0.

—00
0.

-0.

—0.

0.




TABLE L-1 (CONTINUED)

K a-108 B-106 v-106 K a-106 B-10° y+106
350 0.0003 -0. -0. 351 0.0009 -0.0008 -0.0001
352 -0.0011 -0.0012 -0. 353 ~-0.0016 0.0012 0.0001
354 0.0011 0.0012 0. 355 0.0011 -0.0010 -0.0001
356 -0.0010 -0.0003 -0. 357 0.0001 0.0009 0.0001
358 7.0009 -0.0008 -0 359 -0.0010 -0.0009 -0.

360 ~0.0011 0.0011 0. 361 0.0012 0.0011 -0.
362 0.0016 -0.0009 -0.0001 363 -0.0010 -0.0017 0.0001
364 -0.0021 0.0007 0.0001 365 0.0009 0.0020 -0.0001
366 0.0020 -0.0007 -0.0001 367 -0.0010 -0.0015 O.
368 -0.0009 0.0010 O. 369 0.0012 -0. -0.
370 -0.0008 -0.0014 -0. 371 -0.0016 0.0017 D.
372 0.0023 0.0020 -0. 373 0.0022 -0.0028 -0.
374 -0.0029 -0.0024 0. 375 -0.0024 0.0027 0.
376 0.0023 0.0023 -0. 377 0.0020 -0.0018 -0.
378 -0.0013 -0.0016 O. 379 -0.0010 0.0008 -0.
380 0.0004 0.0005 -0. 381 -0.0001 -0.0001 0.
382 0.0001 0.0004 0. 383 0.0008 -0.0002 -0.
384 -0.0003 -0.00038 -0 385 -0.0009 0.0005 0.0001
386 0.0005 0.0005% 0. 387 0.0004 -0.0005 -0.
388 -0.0004 -0.0001 -0. 389 0. 0.0004 0.
390 0.0005 -0.0002 -0. 391 -0.0003 -0.0005 -0.
392 -£.0008 0.0003 0. 393 0.0003 0.0008 -0.
394 0.0011 -0.0002 -0. 395 -0.0002 -0.0011 O.
396 -5.0013 0.0001 D. 397 0.0001 0.0011 -0.
398 0.0010 -0.0001 ~0. 399 -0.0003 -0.0006 0.
400 -C.0003 0.0005 0. 401 0.0007 -0.0002 -0.
402 -G.0005 -0.0010 0. 403 -0.0012 0.0007 0.
404 0.0008 0.0014 -0. 405 0.0015 -0.0008 -0.
406 -0.0008 -0.0015 0. 407 -0.0014 0.0007 0.
408 €.0005 0.0012 -0. 409 0.0009 -0.0004 -0.
410 -0.0003 -0.0007 0. 411 -0.0003 0.0002 -0.
412 0.0001 0.0001 -0. 413 -0.0002 -0. 0.
414 Se 0.0003 0. 415 0.0005 -0.0001 ~0.
416 -0.0001 -0.0004 -0. 417 -0.0004 0.0002 0.
418 0.0001 0.0003 0. 419 0.0002 -0.0002 -0,
420 -0.0002 -0.0001 -0. 421 -0. 0.0002 0.
422 0.0003 -0. -0. 423 -0. -0.0004 -0.
424 -0.0005 -0. 0. 425 -0. 0.0005 0.
426 0.0007 0.0001 -0. 427 0.0001 -0.0006 -0.
428 -0.0006 -0.0001 0. 429 -0.0001 0.0004 0.
430 0.0003 -0. -0. 431 -0.0002 -0.0002 0.
432 -0.0001 0.0003 0. 433 0.0005 —0. -0.
434 -C.0001 -0.0006 0. 435 -0.0007 0.0001 0.
436 0.0001 0.0008 -0. 437 0.0008 -0.0001 -0.
438 -0.0001 -0.0007 0. 439 -0.0007 0.0001 0.
440 0.0001 0.0005 -0. 441 0.0004 -0.0001 O.
442 -0.0001 -0.0002 0. 443 -0.0001 0. -0.
444 0. -0.0001 -0. 445 -0.0002 -0. 0.
446 -0 0.0002 0. 447 0.0003 0. -0.
448 O -0.0002 -0. 449 -0.0002 0. 0.
450 O 0.0001 0. 451 0.0001 -0.0001 -0.
452 -0.0001 -0. -0. 453 -0. 0.0001 0.
454 0.0002 0.0001 -0. 455 0.0001 ~-0.0002 -0.
456 -0.0003 -0.0001 0. 457 -0.0001 0.0003 0.
458 0.0003 0.0001 -0. 459 0.0001 ~-0.0002 -0.
460 ~0.0002 -0.0001 O. 461 -0. 0.0002 0.
462 0.0001 -0. -0. 463 ~-0.0001 -0.0001 0.
464 -0.0001 0.0002 0. 465 0.0003 0.0001 -0.
466 0.0001 -0.0003 0. 467 -0.0004 -0.0001 0.
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468
470

474
476
478
480
482
484
486
488
490
492
494
496
498
500
502
504
506
508
510
512
514
516
518
520
522
524
526
528
530
532

48

a-109

~-0.0001

-0.0001
0.0001
—-0.0001

TABLE B-1 (CONTINUED)

B’106

0.0004
-0.0003
0.0002
—0.
-0.0001
0.0001
-0.0001
0.
-0.0001
0.0001
~-0.0001
0.0001

~0.0001

0.

0.0001

K

469
471
473
475
477
479
481
483
485
487
489
491
493
495
497
499

a-106

0.0004
-0.0003
0.0001
0.
-0.0001
0.0001
~-0.0001
0.0001
-0.0001
0.0001
-0.0001
0.0001
-0.
-0.0001
0.0001
-0.0002
0.0002
-0.0001

0.0001

0.0001
-0.0001
0.



a- 106

757.4862
-11.2971
=~9.0744
97.2528
223.2753
65.3576
140.3957
=186.8598
~410.4045
~30.8178
394.7012
-19.2782
~242.1772
-13.0841
295.7681
-284.2382
231.5979
-162.0822
24.6246
48.3761
—29.2013
2643000
~48.7061
16.1266
29.2244
-12.2890
-23.1361
23.7407
=-3.9919
—16.6763
37.3260
—43.5741
28.9982
-12.6798
4.1002
2.6652
-6.9978
44,4825
0.1208
-0.8255
=1.4029
4.3205
—-6.1140
4.5631
=0.0447
~4.1323
5.8276
~5.5047
4.0818
-2.0513
~0.0232
1.2579
-1.1830
0.5003
-0.1554
0.1502
-0.1904

ﬂ.loﬁ

2557.6035
2395.4467
967.6583
86.2457
~892.9087
42644257
~659.3633
80.1544
367.7741
-149.5045
—210.2148
163.2504
~-88.2683
23,2219
38.3075
—-2.5616
9.8748
—26.1567
~-3.0889
24.5922
6.5140
=15.9477
=-15.7794
7.3700
20.1881
-2.3707
~29.3539
24,2311
=3.9732
~11.7436
30.6574
—36.2562
20.4505
=7.5062
6.3830
=1.7969
~5.2285
2.9059
2.5660
~-2.0872
~0.8942
4.0762
-8.0351
6.8963
1.2737
—-7.3972
7.2140
-6.1604
6.0151
-3.8348
0.5117
1.4280
-2.0885
1.2993
0.8993
~1.6445

Table B-2

Perturbations of Saturn.

v-106

-37.6214
-31.9203
-26.0238
-11.7247
9.2092
31.1112
26.9913
=11.2740
-28.0946
15.9630
5.7539
~-11.9351
5.2517
-0.8876
3.7553
—~0.6644
-1.5604
=-1.9357
1.8724
1.1826
-1.7606
-0.2820
1.5766
~-0.4690
~-1.8199
2.8350
-2.0184
1.2514
-1.0072
0.4265
0.0894
0.0902
-0.2405
~0.0995
0.2153
0.0688
-0.2437
0.2768
-0.2611
-0.0004
0.3626
-0.4191
0.2659
-0.2062
0.1573
-0.0157
~-0.0581
0.0148
0.0165
~0.0219
0.0229
0.0472
=-0.1442
0.1283
-0.0198
-0.0598
0.0971

a'lOG

~117.5646
146.5709
364.2359
408.9010
41.5396
317.0505
-107.3764
-129.0829
80.8977
~-5.1778
~88.2616
135.9595
-105.9253
-77.9873
136.2915
-84.4704
75.9000
—34.4429
-14.6697
7.0355
19.7551
6.2526
~-18.1907
-11.6482
16.7389
11.2729
-24.1171
12.7304
2.0572
-22.0305
36.7463
—-26.3699
8.7824
=7.5743
8.3292
2.9347
-9.3860
2.9564
2.9690
-3.6468
2.4900
1.9548
-5.9128
1.3882
6.7922
-8.8112
6.9931
-6.7534
5.6603
—=2.0149
-0.8396
1.7708
~1.7869
0.2621
1.6435
-0.9022
-1.5290

B-108

571.6094
~37.2696
485.3840
511.6943
-294.3393
579.3184
-324.9522
-375.9183
152.8467
240.2706
=211.3491
134.0736
-37.9114
11.5731
46,0929
-59.1773
-51.0938
44.0833
60.1371
-68.9855
32.3549
-41.3253
33.4259
9.1741
-12.5975
-20.1820
35.6686
—-23.9561
~-1.7880
31.4243
-46.3659
35.3281
-17.8349
10.5821
-4.9285
-5.1309
10.4452
-6.2324
-0.5725
4.0197
-3.3743
0.4065
1.2972
0.4170
-3.6853
5.5740
~5.5484
4.4543
-2.8439
1.0394
0.4913
-1.0949
0.7006
~0.1419
0.0016
-0.0442
0.1587

7.106

3.5885
33.7066
56.8250
68.9338
45.0427

T.2062

~55,9981
~28.7434
47.8188
-4.,9858
—-21.0426
18.1213
-6.9453

2.3811

0.1210
~3.0597

0.9746

2.0553
~0.3947
-1.8325

1.4425

0.1882
-0.7281
~0.6533

1.8763
~1.5989

0.9456
-0.7208

0.4760
-0.2407

0.2173
-0.1330

0.0161
-0.0218

0.0576
-0.0708

0.1419
-0.1853

0.0591

0.1094
-0.1540

0.1188
-0.0980

0.0854
-0.0491
-0.0115

0.0727
-0.0837

0.0380

0.0088
-0.0375

0.0645
-0.0669

0.C329
-0.0118

0.0231
-0.0269
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TABLE B=2 (CONTINUED)

K a-108 B-106 ¥+106 K a-108 B-10° ¥+106
114 0.4344 2.0622 -0.1227 115 2.1072 -0.4429 0.0138
116 -0.6967 -1.3041 0.1131 117 -0.7209 0.4852 -0.0049
118 0.4079 -0.2729 -0.0685 119 -0.6351 -0.0130 -0.0038
120 0e2644 1.2930 0.0277 121 1.7302 -0.5106 0.0116
122 -0.7395 -2.0701 0.0032 123 -2.7487 0.7636 -0.0022
124 0.9587 2.5113 -0.0245 125 2.9920 -0.8422 -0.0069
126 -0.9155 -2.3212 0.0129 127 -2.4404 0.6220 -0.0083
128 Ge4321 1.8264 0.0172 129 1.5697 -0.1201 0.0217
130 0.0851 -1.0286 -0.0169 131 -0.2940 -0.1264 ~0.0087
132 -0.1090 -0.1552 -0.0151 133 ~0.9513 0.0003 -0.0064
134 ~0.0138 0.8364 0.0388 135 1.0608 -0.0177 0.0046
136 -0.1581 -0.3774 -0.0390 137 -0.1906 0.2303 0.

138 0.2969 -0.3570 0.0246 139 -0.3457 -0.2247 -0.0021
140 -0e1541 0.4136 0.0003 141 0.1190 0.0506 0.0075
142 0.0452 -0.0070 -0.0272 143 0.2897 -0.0064 -6.0090
144 -0.0840 -0.3258 0.0417 145 -0.5162 0.0412 0.0061
146 0.0960 0.4321 -0.0425 147 0.4874 -0.0702 -0.0106
148 -C.1228 ~0.2534 0.0356 149 -0.1293 0.1385 0.0155
150 041650 -0.1591 -0.0208 151 -0.3783 -0.1124 -0.0067
152 -0.0406 0.5451 0.0029 153 0.7608 -0.0574 -0.0047
154 -0.1078 -0.8031 0.0058 155 -1.0183 0.0803 0.0026
156 -0.0075 0.9918 -0.0022 157 1.1302 0.1138 0.0050
158 0.1905 -0.9594 -0.0037 159 -0.8709 -0.1839 -0.0068
160 -0.1211 0.5544 0.0043 161 0.2900 0.0310 0.0048
162 -0.0506 -0.0312 0.0004 163 0.1809 0.0763 -0.0008
164 0.0762 -0.2342 -0.0077 165 -0.2840 -0.0370 -0.0047
166 -(0.0139 0.1983 0.0135 167 0.1524 -0.0336 0.0055
168 -0.0434 -0.0540 ~0.0135 169 -0.0020 0.0883 -0.0008
170 0.0912 -0.0439 0.0067 171 -0.0515 -0.0936 -0.0020
172 -C.0652 0.0311 0.0032 173 -0.0213 0.0138 0.0027
174 -0.0170 0.0656 -0.0116 175 0.1428 0.0385 -0.0075
176 0.0063 -0.1416 0.0160 177 -0.1903 0.0256 0.0129
178 00760 0.1293 -0.0153 179 0.1324 -0.0774 -0.0114
180 -(e0669 -0.0508 0.0101 181 -0.0096 0.0301 0.0051
182 0.0063 -0.0692 -0.0036 183 -0.1604 -0.0132 -0.0002
184 -0.0498 0.2260 -0.0006 185 0.3438 0.1007 ~0.0019
186 Cel579 -0.3598 6.0016 187 -0.4389 -0.1805 0.0009
188 -0.1938 0.3764 ~-0.0011 189 0.3737 0.1697 0.0020
190 Cel403 -0.2614 0.0002 191 -0.1999 -0.0952 -0.0027
192 -0.0451 0.0987 -0. 193 0.0303 0.0030 0.

194 -0+0435 0.0238 0.0016 195 0.0670 0.0482 0.0023
196 ¢.0582 -0.0731 ~0.0043 197 -0.0834 -0.0178 -0.0023
198 -0.0008 0.0593 0.0057 199 0.0455 -0.0325 0.0022
200 -0.0306 -0.018% -0.0043 201 -0.0041 0.0249 -0.0021
202 0.0049 -0.0038 0.0012 203 0.0020 0.0051 -0.0003
204 £.0058 -0.0105 0.0020 205 -0.0342 0.0037 0.0042
206 C.0168 0.0406 -0.0044 207 0.0668 -0.0223 ~0.0068
208 ~(.0184 -0.0600 0.0048 209 -0.0766 0.0103 0.0071 <
210 -0.0039 0.0549 ~0.0036 211 0.0513 0.0050 -0.0051
212 0.0032 -0.0159 0.0021 213 0.0138 0.0113 0.0017
214 0.0346 -0.0499 -0.0009 215 -0.0916 -0.0558 0.0006 .
216 -0.0903 0.1068 ~0.0003 217 0.1370 0.1054 -0.0006
218 G.1328 -0.1245 0.0009 219 -0.1344 -0.1238 -0.0003
220 -0.1230 0.1064 -0.0004 221 0.1001 0.0861 0.0005
222 0.0599 -0.0683 ~-0.0001 223 -0.0493 -0.0234 -0.0001
224 -V 0.0208 ~0.0004 225 -0.0023 -0.0099 -0.0003
226 -U.0174 0.0176 0.0013 227 0.0299 0.0091 0.0010
228 n.0131 -0.0281 -0.0020 229 -0.0260 -0.0054 -0.0018
230 -0.0117 0.0168 0.0020 231 0.0106 0.0062 0.0018
50




de

232
234
236
238
240
242
244
246
248
250
252
254
256
258

262
264
266
268
270
272
274
276
278
280
282
284
286
288
290
292
294
296
298
300
302
304
306
308
310
312
314
316
318
320
322
324

328
330
332
334
336
338

342
344
346
348

a-108

0.0074
0.0033
0.0031
0.0072
-0.0118
—-0.0036
0.0390
=0.0690
0.0704
-0.0484
0.0222
-0.0020
-C.0102
0.0130

"~0.0086

€.0017
0.0029
—-0.0015
-0.0058
0.0108
-0.0046
-0.0114
0.0269
-C.0338
0.0309
=0.0207
C.0078
0.0024
-C.0071
0.0066
-0.0030
~0.0002
~0.
C.0034
-0.0061
0.0048
G.0005
~-0.0077
0.0137
-0.0158
0.0130
~-0.0072
0.0013
0.0024
-0.0034
0.0022
-0.0009
0.0008
-0.0018
0.0029
-0.0032
0.0020
0.0009
=-0.0044
0.0066
~0.0065
0.0045
-0.0018

B.loﬁ

-0.0049
0.0032
-0.0125
0.0270
-0.0313
0.0167
0.0050
0.0297
-0.0349
0.0297
~-0.0147
-0.0004
0.0085
-0.0082
0.0026
-0.0002
0.0061
-0.0135
0.0134
-0.0081
0.0038
-0.0007
-0.0030C
0.0062
-0.0073
0.0053
-0.0007
-0.0028
0.0018
0.0009
-0.0003
-0.0033
0.0057
-0.0055
0.0039
~0.0027
0.0025
-0.0026
0.0017
-0.0005
0.0006
-0.0016
0.0014
0.0002
-0.0014
0.0008
0.0009
-0.0023
0.0024
-0.0016
0.0011
-0.0015
0.0020
-0.0020
0.0021
0.0023
-0.0014

TABLE B-2

v+108

-0.0011
-0.0001
0.0008
-0.0008
0.0008
-0.0009
0.0005
O.
-0.0002
0.0001
O.
0.0001
0.0007
-0.0008
0.0004
-0.0001
0.0001
-0.0002
0.0001

(CONTINUED)

233
235
237
239
241
243
245
247
249
251
253
255
257
259
261
263
265
267
269
271
273
275
277
279
281
283
285
287
289
291

295
297
299
301

305
307
309
311
313
315
317
319
321
323
325
327
329
331
333
335
337
339
341
343
345
347
349

a.106

-0.0033
0.0087
-0.0243
0.0377
-0.0317
0.0081
0.0148
~0.0293
0.0383
-0.0384
0.0254
-0.0072
-0.0055
0.0094
-0.0055
0.0001
-0.0026
0.0118
~-0.0168
0.0132
-0.0074
0.0029
0.0017
-0.0060
0.0082
-0.0075
0.0036
0.0012
-0.0025
-0.0003
0.0017
0.0012
-0.0052
0.0066
-0.0056
0.0040
-0.0029
0.0027
-0.0022
0.0010
~-0.0003
0.0011
-0.0016
0.0004
0.0015
-0.0018
0.0003
0.0016
-0.0026
0.0023
-0.0015
0.0014
-0.0018
0.0021
~0.0022
0.0024
-0.0026
0.0020
-0.0006

)8.106

-0.0009
-0.0071
0.0076
-0.0001
-0.0087
0.0059
0.0183
~0.0515
0.0666
~-0.0548
0.0314
-0.0110
-0.0027
0.0093
-0.0088
0.0038
0.0017
-0.0037
-0.0005
0.0074
-0.0076
-0.0031
0.0183
-0.0286
0.0301
-0.0237
0.0131
~0.0025
-0.0041
0.0060
-0.0040
0.0007
0.0009
0.0010
-0.0041
0.0049
-0.0019
0.0100
-0.0138
0.0134%
-0.0093
0.0038
0.0006
-0.0027
0.0025
-0.0012
0.0005
-0.0010
0.0019
-0.0026
0.0024
-0.0005
-0.0025
0.0052
-0.0061
0.0051
-0.0029
0.0006

-0.0001
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466

52

a-108

-0.0002
0.0011
-0.0011
0.0009
-0.0007
0.0009
-0.0013
0.0018
-C.0018
6.0007
0.0008
-0.0022
0.0026
-0.0021
0.0012
-0.0004
-0.0001
0.0003
-C.0004
0.0004
0.0006
-0.0009
C.0011
-(.0008
0.0002
0.0005
-0.0008
0.0007
-0.0005
0.0003
-0.0001
-0
0.0001
-N.0001
0.0002
-C.0003
G.0004
-0.0005
0.0005
-C.0003
Ce
0.0001
~0.0001
0.0001
-0.0001
0.0001
~0.
Oe
-G
~0.
0.0001
-0.0002
0.0002
~0.0002
0.0002
~-0.0001
0.0001
~0e

ﬁ.los

0.
0.0009
-0.0009
0.0002
0.0006
0.0006
-0.0004
0.0005
-0.0007
0.0011
-0.00186
0.0020
-0.0019
0.0013
~0.0004
~0.0003
0.0006
-0.0004
O.
0.0002
-0.0002
0.0001
-0.
0.0001
0.0008
-0.0011
0.0013
-0.001¢G
0.0005
0.
-0.0003
0.0003
-0.0002
0.0001
O.
O.
0.0001
0.
-0.0003
0.0005
-0.0007
0.0006
-0.0004
0.0002
0.
-0.0002
0.0002
-0.0001
O.
-Oo
0.0001
-0.0001
0.0001
0.
-0.0002
0.0003

TABLE B-2

-0.0001
0.0001

-0.0001
0.0001

-0.0001
0.

-0.0001
0.0001
—0e
O.

(CONTINUED)

467

0.0002
-0.0001
0.
-0.0001
0.0001
-0.0001
0.
0.0001
-0.0003
0.0003

ﬁ.106

0.0007
-0.0010
0.0008
-0.0007
0.0007
-0.0009
0.0014
0.0012
D.
-0.0014
0.0023
-0.0022
0.0015
-0.0007
0.0001
0.0002
0.0004
0.0004
-0.0007
0.0009
0.0005
0.0002
-0.0006
0.0007
-0.0005
0.0003
-0.0002
0.
0.0001
-0.0001
0.0001
-0.0002
0.0003
-0.0004
0.0005
-0.0004
0.0001
0.
-0.0001
0.0001
-0.0001
0.0001

0.0001

¥+108

0.0001
-0.0001
0.0001
-0.0001
0.
0.0001
-0.0001
0.0001
-0.0001
0.

0.0001
-0

0.

0.




468
470
472
474
476
478
480
482
484
486
488
490
492
494
496
498
500
502
504
506
508
510

514
516
518
520
522
524
526
528
530
532

a.loﬁ

-0.0001
0.0001

0.0001
-0.0001

TABLE B-2

{CONTINUED)

469
471
473

477
479
481

485
487
489
491
493
495

499
501
503
505
507
509
511
513
515
517
519
521

525
527
529
531
533

a.106

-0.0003
0.0003
-0.0001
-0.
0.0001
-0.0001
0.0001
-0.
0.0001
-0.0001
0.0001
-0.0001
O.
0.0001
-0.0001
0.0002
-0.0001
0.0001
-0.
-0.
0.
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a-10¢

1046.2359
226.6035
29.9345
-119.2144
-33.9696
-100.0789
42.2824
-114.7817
-21.6738
-16.3457
47.0741
63.8854
27.5321
~55.0482
~56.3164
20.0343
69.8262
~17.8546
-69.0427
50.2281
35.3541
-92.6819
91.7728
~61.3134
32.1787
~13.4623
4.6220
-1.6530
0.2968
0.0225
0.3238
-0.0633
-0.3701
0.0366
0.3176
0.1491
-0.5384
0.0376
0.5035
-0.4837
0.5815
0.0417
~-0.6877
0.7842
-0.4007
-0.1293
0.5489
-0.6842
0.5466
~0.3423
0.2207
-0.1482
0.0532
0.0254
-0.0129
-0.0424

B-10¢

114.9270
372.3200
475.5590
6l.7762
-120.3346
10.7094
15.5561
—29.2419
-6.0101
1.3378
0.6814
7.3115
-4.3427
3.6993
-8.4237
4.5307
5.3215
-1.7887
-8.6662
12.6758
~2.2451
-~14.3570
17.0031
-8.6986
0.9389
5.1197
-6.1284
209332
-2.1083
1.8881
0.3054
-0.5152
-1.0610
0.4962
0.9420
-0.2709
-1.0900
0.5400
0.9592
-0.8785
-0.5634
1.1359
-0.1765
-1l.0182
1.2434
-0.3809
-0.8638
1.6506
1.3690
'009232
0.4948
-0.1946
0.0854
'000626
0.0105
0.0390

Table B-3

Perturbations of Uranus.

v-10¢

18.9247
19.0666
23.6937
~2.7651
-7.9512
1.8721
-0.8432
0.8517
-0.5538
-0.4365
1.6342
-0.1042
0.2121
~-0.5295
-0.5503
0.0416
0.5523
0.3577
-0.5102
~0.4265
0.4906
0.3888
-0.7487
0.1674
0.6034
-009312
0.8076
-0.5143
0.2656
-0.1199
0.0514
-0.0240
¢.0101
~-0.0012
0.0004
-0.0028
C.0033
-0.0036
0.0037
-0.0032
0.0015
0.0018
-0.0021
-0.0021
0.0042
~0.0019
0.0028
-0.0032
0.0013
0.0013
-0.0020
0.0016
-0.0016
0.0014
-0.0007
0.0004

a-10°

~324.6979
=222.8549
27.0401
61.9505
-7.6579
41.5225
23.9723
-6.6364
2.2163
2.7949
0.7623
~-10.1897
4.6910
1.4721
8.5906
-5.5734
-10.7579
13.2614
-3.0135
14.6578
-9.9251
6.3961
-3.7910
0.5815
-1.0443
1.4863
0.4782
-0.2032
-1.0427
-0.1228
0.7876
0.5901
-0.8977
-0.5198
0.8607
0.5193
-1.1360
-0.1257
1le3466
-0.8817
-0.5410
1.3901
-1.0340
-0.1332
1.2345
-1l.6640
1.5063
0.7606
-0.4113
0.1845
-0.1007
0.0659
-0.0205
-0.0046

B-108

617.3822
-287.1911
-~12.6566
229.2651
=30.9209
34.9671
62.8247
-43.1379
~58.5533
=-59.8947
-19.1529
44.4596
58.6414
12.7509
-65.7747
~34.1075
58.4358
35.8151
~75.6061
11.4073
70.0625
~-98.0510
77.0110
~44.9900
20.8017
~-6.9423
2.4794
-1.2581
~0.3602
0.3292
0.6225
-0.0217
-0.5975
0.6664
0.1274
~0.4863
-0.0568
0.3982
-0.2246
0.2533
0.0493
-0.2237
-0.0076
0.3631
-0.5633
0.6495
-0.6599
0.5484
0.2479
0.0867
-0.0366
0.0210
-0.0093

v-108

5.1954
0.2276
-6.0900
-2.0008
2.2295
0.9437
0.7729
=1.0549
0.1706
1.9796
-1.3637
0.0587
-0.5821
0.0551
0.4155
0.2489
-0.0430
05546
0.0780
0.4193
-0.0255
-0.5027
0.4298
0.1228
-0.5630
0.6102
~0.4608
0.2735
-0.1070
0.0383
-0.0227
-0.0078
0.0120
0.0113
-0.0041
-0.0157
0.0040
0.0130
-0 .0012
-0.0151
0.0059
0.0123
-0.0102
-0.0069
0.0142
-0.0036
"0-0114
0.0152
~0.0055
-0.0090
0.0192
-0.0218
0.0192
-0.0140
0.0085
-0.0043
0.0022



224
226
228
230

a+106

0.0325
0.0245
~0.0312
~0.0139
0.0365
-0.0153
-0.0133
0.0238
-0.0195
0.0160
-0.0251
0.0409
-0.0480
0.0395
-0.0183
-0.0090
0.0306
-0.0362
0.0295
-0.0219
0.0182
~0.0148
0.0091
-0.0033
0.0004
-0.0011
0.0029
-0.0030
0.0009
0.0023
-0.0044
0.0046
-0.0041
0.0046
~0.0056
0.0050
~0.0026
-0
0.0014
-0.0013
0.0004
0.0007
-0.0017
0.0021
-0.0021
0.0018
-0.0014
0.0010
-0.0004
O.
-0.0001
0.0004
-0.0006
0.0007
-0.0008
0.0008
0.0007
-0.0005

ﬁ.loﬁ

-0.0187
-0.0317
0.0331
0.0123
-0.0399
0.0223
0.0062
-0.0093
-0.0083
0.0182
-0.0181
0.0350
~-0.0313
0.0080
0.0217
-0.0419
0.0468
-0.0414
0.0333
0.0179
~-0.0100
0.0034
0.0002
-0.0003
-0.0020
0.0043
-0.0047
0.0026
0.0005
-0.0024
0.0026
-0.0018
0.0010
-0.0003
-0.0005
0.0009
-0.0006
-0.0001
0.0003
0.0001
-0.0007
0.0008
-0.0004
-0.0002
0.0005
-0.0004
-0.0002
0.0008
-0.0009
0.0006
-0.0001
-0.0003
0.0005
~0.0005
0.0004
-0.0001
-0.0001

TABLE B-3

y-106

-0.0007
0.0006
-0.0001
-0.0001
-0.0003
0.0003
0.0001
-0.0004
0.0002
0.0003
-0.0004
-0
0.0006
-0.0007
0.0004
0.0002
~-0.0004
0.0003
O.
-C.0004
0.0006
-0.0007
0.0006
-0.0004
0.0003
-0.0002
0.0001
-0.0001

(CONTINUED)

a.106

-0.0064
0.0119
0.0092

-0.0199

-0.0092
0.0485

-0.0496
0.0076
0.0365

~0.0436
0.0143
0.0196

-0.0320
0.0202
0.0031

~0.0257
0.0407

~0.0455
0.0401

-0.0276
0.0148

-0.0075
0.0058

-0.0058
0.0041

-0.0001

-0.0043
0.0062

-0.0044
0.0010
0.0014

-0.0022
0.0022

-0.0021
0.0015

-0.0003

-0.0009
0.0014

-0.0010
0.0002
0.0002
0.

-0.0004
0.0004
0.0002

-0.0009
0.0010

-0.0003

-0.0007
0.0011

-0.0008
0.0003
0.0001

-0.0004
0.0005

-0.0005
0.0004

-0.0001

-0.0002

ﬁ.loﬁ

-0.0070
0.0070
0.0092

-0.0163

-0.0002
0.0260

-0.0285

~0.0068
0.0511

-0.0621
0.0328
0.0046

-0.0186
0.0082
0.0093

-0.0240
0.0350

-0.0381
0.0302

-0.0179
0.0097

-0.0058
0.0030

-0.0008
0.0003

-0.0007

-0.0002
0.0020

-0.0021

-0.0010
0.0047

-0.0061
0.0049

~-0.0030
0.0018

-0.0012
0.0013

-0.0019
0.0021

-0.0015
0.0001
0.0012

~-0.0021
0.0023

-0.0022
0.0017

-0.0012
0.0009

-0.0007
0.0005

-0.0001

-0.0002
0.0005

-0.0006
0.0007

-0.0007
0.0006

-0.0005
0.0004

7’106

-0.0012
0.0003
0.0003

-0.0002

-0.0002
0.0003
0.0001

-0.0004
0.0003

-0.0001

-0
0.

-0.
0.0001

~-0.0002
0.0003

-0.0003
0.0002
0.0001

-0.0003
0.0003

-0.0003
0.0002

-0.0002
0.0001

-0.0001
0.

0.

0.

-0.

0.

-0.0001
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232
234

238
240
242
244
246
248
250
252

256
258
260
262
264
266
268
270
272
274

278

56

a‘106

0.0003
-0.0002

0.0001
-0

0.

0.

o.
-0.

0.0001
-0.0001

0.0001
-0.0001

0.

0:

0.0001
_000001

0.0001
-0.0001

0.0001
-0.0001

0.0001
-0.0001

"000001
~0.

O
-0

TABLE B-3

(CONTINUED)

a-10¢

0.0003
0.0001
0.
—0.
-0.0001
0.0001
O.
0.0001
0.0001
"0.0002
0.0003
-0.0003
0.0002
-0.0001
-0.
0.0001
-0.0001
0.0001
—o.
-0.
0.0001
-0.

-0.
0.0001

-0.0001
0.0001

-0.0001
0.0001

-0.0001
0.0001

-0.0001
0.0001

~-0.0001
0.



s

a-lO‘

~411.6061
=314.3147
150.1879
~78.8934
-52.0069
-54.3633
-11.9778
-2.5515
-64.4417
35.0031
21.7988
39.0558
10.7753
-27.1551
=37.4213
l1.6711
40.9017
12.6500
-40.3282
-10.5962
47.2941
-20.0523
=-32.0517
59.0342
=52.9570
34.6347
-18.0318
T.1232
—~2.7924
1.3100
0.0398
-0.1158
~0.4662
-0.0023
0.4723
0.1193
-0.4599
-0.1566
0.4854
0.0650
-0.4986
0.1357
0.4481
=-0.4530
~0.1089
0.5801
-0.5084
0.0263
0.4858
~0.7753
0.7909
-0.6222
0.4071
-0.2367
0.1244
-0.0508
0.0128

B-108

38.4491
19.1038
-13.1648
~19.8492
4.3401
7.0986
10.9094
10.0030
-1.7952
0.3213
=7.8641
—-8.2485
~-2.7634
5.7870
8.6528
0.3931
~8.5455
-2.6388
9.1504
1.6566
~-10.8787
4.0783
7.2589
-12.9363
12.8341
-8.2015
3.9720
-2.3862
0.7096
0.2392
0.4518
-0.2491
-0.5204
-0.0108
0.5165
0.1338
-0.5080
-0.1425
0.5513
0.0533
-0.6118
0.1815
0.5267
-0.5077
-0.1089
0.6069
-0.5705
0.0557
0.5366
-0.8259
0.7961
-0.6392
0.4474
-0.2475
0.1130
-0.0715
0.0527

Table B-4

Perturbations of Neptune.

v+10¢

~-2.7387
-0.0337
C.7382
0.5648
0.7918
0.4336
0.1630
0.0343
-0.2140
-C.7558
-0.3973
-0.0655
0.5057
0.5645
-0.0088
-0.6152
-0.3554
C.5101
0.4789
-0.5386
=0.3597
0.7497
-0.1838
0.9525
-0.8242
0.5391
-0.2741
O.1111
-0.0499
0.0179
0.0035
0.0023
-0.0079
-0.0040
0.0067
0.0055
-0.0064
-0-0054
0.0072
0.0035
-0.0085
0.0006
0.0085
-0.0069
-0.0030
0.0100
-0.0080
C.0001
0.0079
-0.0123
C.0124
-0.0096
0.0063
-0.0037
0.0020

a.loﬁ

30.3706
41.3092
13.4863
—60013"
4.0535
6.9822
=0.9346
10.6279
-4.6072
~8.7546
-0.3055
6.3522
8.9178
2.6302
-6.9138
=7.1445
4.1445
8.3732
-5.1685
-8.2984
9.0517
2.4648
11.2518
13.5971
10.5590
5.3232
-2.7263
1.4499
0.1178
0.0018
-0.5422
-0.2422
0.4083
0.4136
-0.2952
-0.4574
0.2666
0.4707
-0.3548
-0.4211
0.5207
0.1986
-0.6267
0.2526
0.3900
-0.6653
0.3769
0.2278
-0.7027
0.8305
-0.7304
0.5565
-0.3538
0.1768
-0.0909
0.0672
-0.0333

B-10°

2909.4704
744.1504
~109.3482
85.4033
9.3467
—-26.7925
19.9793
-76.0089
-15.7353
-10.5149
28.9877
38.4163
8.6632
-33.7877
-31.4725
20.7807
39.1482
~20.3646
-36.9087
40.6530
7.1019
~50.6464
58.6632
=43.2969
25.0309
-11.1613
3.9695
-1.8865
0.5250
0.3443
0.2444
-0.3664
0.2742
0.455%4
—0.2489
-0.4542
0.3053
0.3758
-0.4387
-0.1702
0.5676
-0.3722
0.6258
~0.3323
-0.1964
0.6174
-0.7790
0.6997
=-0.4996
0.3059
-0.1720
0.0838
—-0.0265
0.0058

7.106

1.9610
~0.4436
~-0.7171
-0.1208

0.1294

0.6222

0.3230
-0.3597

0.7920
-0.5906

0.1142
-0.2327

0.0055

0.1297

0.1205
-0.0489
-0.1358

0.0088

0.1519
-0.1809

0.1292

0.0600
=0.1941

0.2254
-0.1605

0.0834
-0.0490

0.0189

0.0020

0.0064
~-0.0071

0.0024

0.0083
~-0.0011
-0.0083

0.0009

0.0089
-0.0027
-0.0088

0.0063

0.0056
-0.0096

0.0020

0.0077
-0.0107

0.0047

0.0053
-0.0121

0.0135

0.0089
-0.0055

0.0027
-0.0016
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114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
150
152
154
156
158
160
162
164
166
168
170
172
174
176
178
180
182

186
188
190
192
194
196
198
200
202
204
206
208
210
212
214

218
220

58

a-lOG

~-0.0078
0.0093
0.0005
-0.0076
0.0008
0.0075
-0.0053
-0.0036
0.0087
-0.0043
-0.0056
0.0101
-0.0039
-0.0059
0.0101
-0.0077
0.0026
0.0031
-0.0083
0.0104
-0.0088
0.0064
-0.0052
0.0044
-0.0028
0.0010
-0.0004
0.0008
-0.0010
0.0003
0.0007
=-0.0007
-0.0002
0.0009
-0.0006
-0.0003
0.0010
-0.0009
0.0001
0.0009
-0.0013
0.0011
-0.0004
-0.0004
0.0010
-0.0013
0.0013
-0.0011
0.0009
-0.0006
0.0004
-0.0002
0.0001
=-0.0001

/3.106

-0.0106
-0.0157
-0.0015
0.0222
-0.0084
-0.0179
0.0175
0.0075
-0.0226
0.0096
0.0152
-0.0242
0.0093
0.0143
-0.0268
0.0210
-0 -0024
-0.0181
0.0316
—000352
0.0311
-0.0236
0.0161
~-0.0101
0.0056
-0.0026
0.0012
-0.0007
0.0005
-0.0001
-0.0002
0.0002
-0.0001
-0.0002
0.0002
_000001
-0.0002
0.0003
-0.0001
-0.0001
0.0002
-0.0001
0.
0.0001
—000003
0.0004
-0.0004
0.0003
-0.0002
0.0001
-0.0001
0.
O.
—0.

TABLE B-4

7.106

-0.0008
0.0002
-0.0002
0.0001
0.
-0.0001
-0.
0.0001
-0.0001
_0.
0.0001
—0.
C.0001
-0.
-0.0001
0.0001
-0.0001
~0.
0.0001
-0.0002
0.0002
-0.0001
0.0001
-0.0001
0.0001
-0.
O.
-0.
0.
-0

{CONTINUED)

K

a-108

-0.0075
0.0093
0.0162

-0.0183

-0.0081
0.0222

-000044

-0.0196
0.0192
0.0045
0.0203
0.0033

-000246
0.0284

-0.0146

-0.0067
0.0250

-0.0341
0.0340

-0.0279
0.0199

-0.0129
0.0077

-0.0042
0.0020

~-0.0009
0.0004

-0.0001

-0.0001
0.0001
0.

-0.0001
g.
0.0001

-0.0002
0.0002

-0.0001

-0.0002
0.0004

-0.0004
0.0003

-0.

-0.0002
0.0003
0.0003

-0.0002
0.0001

-0.0001
0.

0.

-0.
C.

ﬂ.loo

-0.0092
0.0068
0.0044

-0.0060

-0.0028
0.0073

-0.0022

-0.0054
0.0068

-0.0002

-0-0070
0.0060
0.0019

"00007"
0.0063

-0.0015

-0.0038
0.0088

-0.0117
0.0108

-0.0077
0.0056

-0.0048
0.0037

-0.0016
0.0003

-0.0005
0.0011

-0.0009

-0.0003
0.0009

-0.0004

~-0.0006
¢.0010

-0.0006
0.0009

-0.0006

-0.0002
0.0009

-0.00 10
0.0005
0.0003

-0.0009
0.0013

-0.0014
0.0013

-0.0010
0.0007

-0.0005
0.0003

-0.0002
0.0001

-0.0001



=SS . sy

Fogseee

0’105

-1356.4809
-786.8836
33.6059
~-46.8920
-38.5459
-7.9910
17.1255
~3.6400
—8.5665
57.0588
10.0370
8.5368
=-24.0420
~28.4132
~-2.8746
28.2363
19.9103
-21.1341
-25.1819
21.3229
20.2684
-32.4938
4.7307
28.5097
-39.5294
31.8347
-19.9073
9.5974
-3.4806
1.6920
-0.66175
~0.3055
-0.0744
0.4361
0.1974
-0.3669
-0.2666
0.3477
0.2476
-0.3806
-0.1387
0.4212
-0.0614
-0.3864
0.3367
0.0993
-0.4208
0.3667
-0.0451
-0.3025
0.4970
-0.5010
0.3921
0.1556
-0.0780
0.0300

5.106

137.2600
104.3215
46.2568
17.7760
17.1075
12.7964
1.3457
-5.8537
-10.3037
~-7.4921
-23.0816
3.9419
9.0218
15.9775
3.1190
-12.4906
-10.9930
T1.1247
11.8971
-6.1771
~9.7995
8.6704
3.9612
-9.6662
6.2570
-0.8494
—-2.6644
2.9632
-1.6542
l1.1132
-0.6471
-0.1027
-0.0072
0.3349
0.0652
-0.3139
=-N.1269
J.3368
0.1322
-0.3991
-0.0669
0.4665
-0.1299
-0.4118
0.4269
0.0554
-0.5214
0.5439
~-0.0995
~0.4543
0.7752
-0.8224
0.7097
~-0.5131
0.3021
~-0.1608
0.0995

Table B-5

Perturbations of Pluto.

v-106

13.7957
3.1886
-2.2112
$.8055
4.8078
5.8275
2.6179
0.5422
0.4756
=-0.9755
-6.8766
—-2.4730
-0.7115
3.9995
4.4312
0.0679
—4.6647
—-2.7161
3.8666
3.5694
-4.2024
—2.8346
5.8178
-1.3034%
~4.6585
T.3142
~6.4331
4.0460
-2.0991
0.9617
-0.2951
0.0876
-0.0934
-0.0039
0.0519
0.0325
-0.0453
-0.0365
0.0458
0.0361
-0.0282
0.0717
-0.0017
-0.0669
C.0471
0.0215
~0.0709
0.0615
0.0023
~-C.0676
0.0923
-0.0867
0.0728
-0.0516
0.0266
-0.0130

a-10¢

—20.5252
1.8086
9.6316

~9.9343

-16.6988

-11.4801

-12.8121

-16.6475
0.9194
8.7232

15.5710
11.4677
-3.8443
-14.1639
-7.9682
8.6156
11.0463
-5.7658

-10.7807
7.2115
T7.0107

-9.8840
2.3855
5.7622
T.7627

—4.7254
2.8862

-1.1122
0.1066

-0.4028
0.2052
0.3465

~-0.0017

-0.3590

-0.0689
0.3553
0.0650

~0.3925
0.0157
0.4232

-0.1855

-0.3330
0.3876
0.0114

-0.3876
0.4283

-0.1173

-0.3023
0.5389

~-0.5420
0.4453
~0.3232
0.1861

-0.0825
0.0483

-0.0409

B-108

2323.0315
718.7075
~76.4699
-20.6760
~44.5290
-25.4650

4.2048
-5.5124
-41.5368
41.3920
8.0754
23.2704
-4.6200
-23.7016
-17.9171
13.9739
27.6193
~-5.6023
-30.9878
9.0028
31.5954
-30.8191
~8.3005
43.4454
-51.0422
40.1718
=-24.5721
11.5953
-4.9597
2.3035
~-0.3986
-0.0994
-0.4466
0.1382
0.4365
-0.0192
-0.4526
0.0073
0.4554
-0.0876
-0.4219
0.2463
0.2948
-0.4426
0.0554
0.3942
-0.4648
0.1503
0.2569
~0.5107
0.5576
-0.4613
0.3081
-0.1720
0.0874
-0.0394
0.0083

7.10.

29.7122
T.7612
9.7573
0.8086

-8.5257

-6.4041

-0.2549

~2.9302

11.6437
T.5727
2.6544
6.7260
0.4020

-55097
2.3236
6.8764

-0.2089

-7.1302
1.0210
7.1690

-2.5336
8.9817

-9.6082
7.1400
1.8040

-0.7441
0.4035

-0.0237

-0.0641

-0.1242
0.0461
0.1334

-0.0147

-0. 1394
0.0127
0.1419

-0.0407

-0.1319
0.0953
0.0845

-0.1539
0.0356
0.1247

-0.1684
0.0721
0.0775
0.2169

-0.1893
0.1366

-0.0840
0.0454

-0.0226
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a-108

-0.0120
0.0099
-0.0041
-0.0043
0.0033
0.0038
-0.0053
O.
0.0050
-0.0044
-0.0012
0.0060
-0.0044
-0.0021
0.0066
-0.0055
0.0014
0.0026
-0.0060
0.0079
-0.0073
0.0049
~0.0032
0.0028
-0.0023
0.0011
0.0001
"000007
0.0007
O.
-0.0006
0.0003
-0.0007
0.0004
0.0003
=-0.0007
0.C005
0.
-0.0006
0.0008
-0.0006
0.0001
0.0004
0.0009
-0.0008
0.0007
-0.0005
0.0004
-0.0002
0.0001
-0.0001
0.0001

B-108

-0.0569
0.0099
0.0080
0.0084

-0.0183
0.0014
0.0168

-0.0108

-0.0101
0.0185

~-0.0044

-0.0157
0.0199

-0.0051

-0.0142
0.0229

~0.0168
0.0012
0.0155

-0.0263
0.0288

-0.0252
0.0192

-0.0132
0.0081

-0.0043
0.0020

-0.0010
0.0006

-0.0002

-0.0001
0.0002

-0.

-0.0001
0.0001
0.

-0.0002
0.0002

-0.0001

-0.0001
0.0002

-0.0001
0.
0.0001
0.0001

-0.0001
0.0001
C.

-0.0001
0.0001

-0.0001
Q.

-0.0001
G.0001

TABLE B-5

7.106

0.0117
-0.0084
—000002

0.0031

0.0020
~0.0047

0.0001

0.0046
-0.0028
-0.0028

0.0049
-C.0012
-0.0041

0.0052
-0.0012
"0.0039

0.0060
-0.0043

0.0002

0.0041

0.0076
-0.0066

0.0049
-0.0034

0.0022
-0.0012

0.0006
-0.0003

0.0002
-0.0001

G.

0.0001
-0.0001
-C.

0.0001
-0.

0.0001
-0.0001

O.

0.0001
-0.0001

0.0001
-0.
-0.0001

0.0001
-0.0002

0.0002
-0.0001

0.0001
-0.0001

0.

_0.

0.

(CONTINUED)Y

a-106

0.0139
0.0115
-000039
-0.0154
0.0110
0.0097
-0.0157
-0.0001
0.0155
-0001 19
-0.0058
0.0177
-0.0120
-0.0047
0.0175
-0.0178
0.0075
0.0065
-0.0177
0.0228
-0.0218
0.0173
-0.0121
0.0080
-0.0048
0.0025
-0.0010
0.0005
-0.0004
0.0002
0.
-0.0002
0.0002
0.
-0.0002
0.0001
0.
-0.0002
0.0002
~0.
-0.0001
0.0002
-0.0002
0.0001
0.0001
-0.0002
0.0002
-0.0002
0.0001
~-0.0001
0.0001
-0.
0.
0.
-0.

B-10°

0.0034
0.0013
-0.0035
-0.0024
0.0050
0.0002
-0.0056
0.0036
0.0039
-0.0075
0.0018
0.0068
-0.0080
0.0009
0.0071
-0.0097
0.0066
0.0002
-0.0084
0.0142
-0.0152
0.0131
-0.0105
0.0083
-0.0058
0.0030
-0.0013
0.0010
-0.0012
0.0007
0.0002
-0.0007
0.0002
0.0006
—000007
0.0002
0.0006
-0.0008
0.0004
0.0003
-0.0009
0.0010
-0.0006
-0.0001
0.0008
-0.0011
0.0012
-0.0012
0.0010
~0.0007
0.0005
-0.0003
0.0002
-0.0001
0.0001

7.106

0.0103
-0.0039
0.0011
-0.0003
0.0005
-0.0005
-0.0001
0.0005
0.
-0.0005
0.0002
0.0003
-0.0005
0.0004
-0.0001
-0.0005
0.0008
-0.0004
-0.0002
0.0006
-0.0007
0.0008
-0.0008
0.0005
-0.0001
-0.0001
-O.
0.0001
0.0001
-0.0002
0.0001
0.0001
-0.0001
0.
0.0001
“0-0002
0.
0.0001
-0.0002
0.0001
0.0001
-0.0002
0.0002
"000001
-0.
0.0002
-0.0002
0.0002
-0.0002
0.0002
0.0001
-0
0.
-0,
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Appendix C

Comparisons with Tabulated Coordinates

The perturbations computed by the CHBY program have been compared with values computed
from coordinates tabulated* for each of the five outer planets. The comparisons were made at the
standard 400-day dates from Julian Date 2378400.5 through Julian Date 2452000.5.

The values of the perturbations and the residuals are given at each date for each of the planets.
The residuals are in all cases less than 0''001.

*Eckert, W. J., Brouwer, D., and Clemence, G. M., “Coordinates of the Five Outer Planets 1653-2060," Astron. Papers prepared for the
use of the American Ephemeris and Nautical Almanac, 12:1-327, 1951.
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Julian Day

2378400.5
2378800.5
2379200.5
2379600.5
2380700.5
2380400.5
2380800.5
23812060.5
2381600,5
238203945
23B2490.5
2382800.5
23832075
2383670.5
23847010,.5
2384400.5
2384300.>
2385202.5
2385600.5
2386C00.5
2386400.5
23868070.5
2387200.5
2387600.5
238800C.5
2388407.5
2388890.5
2389200.5
2389600.5
2390000.5
2390400.5
2390807.~
2391200.95
239160C.5
2392000.5
2392400.5
2392800.5
2393232.5
2393607.5
2394000.5
23%54407.5
239480%.5
239520C.5
2395600.5
2396002,
2396400,

2396800.5
2397200.5
23976020.5
239800%.5
239840%.>
2398800.5
2399207.5
2399600.5
24C0000.5
2400430.5
247080%.2
2401200.5
2401620.5
2402000.0
2402400,.5
2402800.5
2403200.5
2403600.5
2404007.5
2404400.5
2604800C.5
2405200.5
2405600.5
2406000.5
2406400.5
240680045
2407200.5
2407600.5
24080G0.5
2408400.5
2408800.5
2409200.5
24094600.5
2410000.5
2410400.5
2410800.5
2411200.5
2411600.5
2412000.5
2412400.5
2412800.5
2413200.5
2413600.5
2414000.5
2414400,5

62

e

a- 108

732.0311
437.3597
87.0232
~15.2446
~26.4976
89.4696
149.4111
96.7763
~57. 1636
-c42.1022
—-.65.38214
-1266.5223
-i43.9145
-49.5765
l4l.4346
25547172
£40.d118
79.3696
-189.04067
-49.1765
-.07.82v4
-¢50.u329
151.3505
441.8550
«89.1706
.85.0100
-90.4632
-.08.3713
-:15.7704
~579.2857
- 42.1525
-173.9270
242 .3469
(02.4345
i72. 7498
©33.27¢22
62.6270
-/85.2577
—.98.0142
-951.7063
-+ 73.8695
45.7286
£16.9709
+09.2937
142.9357
485.6692
-9.9879
—-475.48386
~168.6615
->00.3308
-437.5024
-122.06036
133.2562
t.13.8895
«N4.1262
539.9149
~l.2222
-177.9922
-80.0964%
161.8843
HT1e2224
415.4001
«68.4997
-18.7783
-320.9842
-.15.7803
-104.5904
—328.9412
-51.92u0
25.0753
400.7459
298.6657
197.0717
-134.3066
-+10.195G
-407.4762
-136.34838
172.6299
341.4530
206.3694
90.7363
-224.0649
—924.5407
-.86.2709
-623.3461
-336.6506
67.0133
423.2670
$92.4803
©12.5952
¢07.2670

B- 108

-512.8c72
-1199.4729
-1418.9492
-1291.1208
-1155.6404
-1194.7152
-1381.3367
-1585.9791
-1662.2433
-1521.8202
-1182.0546

=759.5129

~410.0809

-257.5°08

-347.3136

-634.3c32

—-994.9495
-1258.9848
-1259.9798

~909,7491

-308.5256

178.9359
205.3440

-231.2335

-886.0:.55
-1444,3409
~1643.,6691
-1350.8128

-604.4116

381.7 59

1273.3997

1740.4459

1606 .8469

935.5527
~4.5313

-851.1%34
-1271.7478
-1062.8795

=231.3563

928.2030
1879.6220
2187.1358
1756.3¢€01
808.5729

-259.3€645
-1055.4474
-1327.7719
~1018.0.77

-253.6787

70N0.3153

1517.6385

1912.3¢68

1756.8738

1146.2123

377.2926
=195.31375

-337.2010

-98.1962
170.9213
160.9273

-170.7583

~676.7396
-1125.4 182
-1303.8734
-1115.2404

~624.2082
-19.9971
473.4081
685.0489
551.1350
131.4048
=404,2277

-819.8519

-B894.2671

-548.9420

0.6243
334.4964
254.7441

-141.3245

—621.156C

-941.7.32

-929.6609

=531.9204

159.5518
922.8263

1479.7264

1615.9434

1284.2825

624.4515
=-99.,6552
=596.5605

y- 108

T4.4260
90,0117
77.6015
44,9406
3.2619
~36.8661
-64.8959
-71.8973
=54.2094
-16.9138
26.4606
59,9786
72.7798
62,3355
33,2438
~5.4214
-42.4429
—-66.5642
-69.2370
-48.,5002
-12.4580
23.5305
47,4070
53,8548
43,0891
19.6467
-9.2904
-35.3844
-50.6107
-49.2829
-30.7222
-1.0290
28.7518
47.9649
50.9496
38.90232
14.0294
-13.4872
-35.7916
-44.9615
-37.459%
-16.0254
11.4376
34,7062
45,8448
42.1382
25.8442
2.4121
-21.2458
-38.13006
~42.6191
-32.3661
-10.1913
15.9224
36.2059
43.9085
38,0795
23.5037
6.8369
-8.1934
-19.1521
-23.5386
-19.8993
-9.2346
4.6258
16.5454
22.5307
21.1345
13.3136
1.6561
-10.3983
-19.2360
-21.9299
-17.5182
~8.5642
-0.8902
243244
2.4253
1.0380
-0.7802
-2.3230
—-3.1437
-3.0354
-2.0646
-0.5966
0.7866
1.5203
1.3376
0.3746
~0.9389
-2.0283

Table C-1
Residuals for Jupiter.

aL 105
732.88C7
43743597
B87.6234
=75.2453
—26.4978
89.4704
149.4113
96.7754
-97.0627
-242.1021
-365.8217
-366.5226
-243.9146
=49.3769
141.4337
255.9176
240.8118
79.3693
-189.5459
~449.1762
-507.8207
~250.0570
151.3501
441.8548
489.1715
285.6095
-9G.4638
=508.3707
-815.7699
-879.2854
-642.1526
-173.9271
342.8469
702.4342
7712.7493
533.2710
62.6263
-485.2575
-898.5146
-951.7072
-573.8702
45,7283
616.9706
909.5933
842.9360
485.6684
-9.9881
-475.4897
-168.6609
-800.3307
~557.5023
-122.6036
333.2560
613.8899
604.1257
339.9146
-1.2228
-177.5918
-80.0968
161.8854
367.2222
415.4006
268.5004
-18.777¢6
-323.5840
=505.7797
-504.5899
—328.9411
-51.9205
225.0759
400.7467
398.6661
197.0725
-134.3070
-410.1938
—-407.4757
-136.3827
172.6311
341.4535
306.3715
90.7361
=224.6654
-524.5407
-686.2709
=623.3466
=336.6502
67.0129
423.2670
592.4799
512.5950
207.2662

51.106

-512.8871
-1199.4723
-1418.9501
-1291.1218
-1155. 6404
-1194.7151
-1381.3872
—1585.9294
-1662.2443
-1521.8207
-1182.0560

-759.5121

-410.082¢C

-257.53009

-347.3734

-634.3831

-994.9507
-1258.9847
-1259.9805

-909.7492

-308.5254

178.9361
205.3440

-231.2329

-886.0054
-1444.3412
-1643.6688
-1350.8129

-604.4120

381.7056

1273.4004

1740.4466

1606.8471

935.5518
-4.5311

-851.1526
-1271.7477
-1062.8802

-231.3964

928.2625

1879.6219

2187.1357

1756.3594

808.57238

—259.3643
-1055.4871
-1327.7017
-1018.0077

-253.6783

700.3352

1517.6984

1913.3674

1756.8944

1146.2128

377.2931
-195.337¢
-337.2813
~-98.1963
170.9209
160.9281

-170.7593

-676.7391
-1125.4081
-1303.8739
-1115.2409

-624.2076

=19.9970
473.4083
685.0499
5511363
131.4846

-404.2275

-819.8514

-894.2679

-548.9420

0.6045
334.4970
254.7448

-141.3243

-621.1561

-941.7026

-929.6598

-531.9196

159.5526
922.8266

1479.7066

1615.9442

1284.2836

624.4526
-99.6548
-596.5606

7r+ 108

14.4267
90.0118
77.6012
44,9402
3.2622
~36.8658
—-64.8959
-71.8974
~54.,2092
~16.9145
26.4610
59.9786
72.7799
62.3359
33,2435
-5.,4222
-42.4427
-66.5643
-69.2372
-48.5004
~12.4581
23.5301
47.4067
53.8547
43,0891
19.6464
-9.2902
-35.3843
-50.6109
-49.2822
~30.7221
-1.0293
28,7517
47.9649
50.9495
38.0237
14.0296
~13.4877
-35,7915
-44.9612
-37.4597
-16.0257
11,4372
34.7065
45.8447
42.1378
25.8442
2.4125
-21.2451
-38.1314
-42.6195
-32.3659
-10.1914
15.9229
36.2063
43,9086
38,0797
23.5033
6.8377
-8.1935
-19.1514
-23.5386
-19.8998
-9.2347
4.6258
16.5450
22.5315
21.1342
13.3139
1.6562
-10.3982
-19.2365
-21.9291
-17.5185
-8.5647
-0.8909
2.32648
2.4252
1.0374
-0.7806
-2.3241
-3.1441
-3.0349
-2.0647
-0.5968
0.7862
1.5199
1.3377
0.3742
-0.9387
-2.0280

(aay)-10¢

0.0004
0.0000
-0.0001
0.0007
0.0002
-0.0008
~0.0002
0.0007
-0.0009
-0.0001
0.0002
0.0003
0.0001
0.0004
0.Q009
-0.0904
-0.0001
0.0302
-0.0008
-0.0003
0.0003
0.09211
0.0004
0.0002
-0.0009
0.0005
0.2006
-0.0006
-0.0005
-0.0003
0.0002
0.0001
0.0001
0.0003
0.0005
0.0012
0.0007
-0.0002
0.0004
0.0009
0.0007
0.0003
0.0003
0.0003
-0.0003
0.0008
0.0003
0.0011
-0.0005
~-0.0001
-0.09201
0.0000
0.0002
-0.0004
0.0004
0.0003
0.0006
-0.0004
0.0004
-0.0906
0.0002
~0.0005
-0.0007
-0.0007
-0.0002
-0.0005
-0.0005
-0.0001
0.0005
-0.0006
-0.0008
-0.0004
-0.0008
0.0004
-0.0011
-0.0005%
-0.0011
-0.0012
-0.0005
-0.0021
0.0002
0.0005
0.0001
-0.0001
0.0005
-0.0004
0.0003
0.0001
0.0005
0.0001
0.0008

(B'ﬁr)'1°6

-0.0000
0.0003
0.0009
0.0010

~0.000u

-0.0000
0.0006
0.0003
0.0009
0.0005
0.0014
0.0001
0.0011
0.0001

-0.0002

~0.0001
0.0012

-0.0000
0.0006
0.0001

-0.0002

-0.0003
0.0000

-0.0006

-0.0001
0.0002

-0.0003
0.0000
0.0003
0.0003

-0.0007

-0.0007

-0.0003
0.0009%

-0.0002

-0.0008

-0.000v
0.0207
G.0001
0.0005
0.0001
0.0002
0.0008
0.0001

-0.0002

-0.0003

-0.0002

-0.0000

-0.0004
0.0001
0.0001

-0.0006

-0.0006

-0.0025

-0.0005
0.0203
0.0003
0.0001
0.0004

-0.0008
0.0010

-0.0004

-0.0001
0.0005
0.0004

-0.0006

~-0.0001

~0.0002

-0.0010

~0.0013
0.0001

-0.0002

~-0.0005
0.0007

-0.0000

~-0.0002

-0.0007

-0.0008

-0.0002

-0.0008

-0.0006

-0.0011

-0.0008

-0.0008

-0.0003

-0.0003

-0.0008

-0.0012

~0.0011

-0.0005
0.0001

(r-7;)- 108

~0.0007
-0.0000
0.0003
0.0004
-0.0003
~0.0003
0.0000
0.0001
-0.0002
0.0008
-0.0004
0.0002
-0.0002
-0.0004
0.0603
0.0007
~0.0002
G.0001
0.0002
0.0002
0.0001
0.0004
0.0003
0.0001
0.0000
0.0003
-0.0002
-0.0001
0.0002
-0.0007
-0.0001
0.0003
0.0001
0.0000
0.0000
-0.0005
-0.0002
0.0005
-0.0001
-0.0003
~0.0000
0.0002
0.0004
-0.0003
0.0001
0.0004
-0.0000
-0.0004
-0.0006
0.00038
0.0005
-0.0002
0.0001
-0.0005
-0.0004
-0.0001
-0.0002
0.0004
-0.0008
0.0001
-0.0006
-0.0001
0.00605
0.0001
0.0000
0.0005
-0.0007
0.0002
-0.0003
-0.0001
-0.0001
0.0005
-0.0008
0.0002
0.0005
0.0007
-0.0004
0.0001
0.0007
0.0004
0.0011
0.0004
-0.0005
0.0001
0.0001
0.0004
0.0005
-0.0001
0.0004
-0.0002
-0.0004



Julian Day

24148032.5
2415203.5
2415670.5
241602030.5
2416400 .5
24168927.5
24172932.5
2417600.5
2418007.5
2418400.5
2418800.5
2419200.5
2419600.>
2420000.5
2420407.5
2420800.5
242120C.5
2421600.5
2422000.5
2622400,5
2422800.5
2423200.5
2423600.n
2424000.5
2424407.5
2424300,5
2425200.5
2425620.5
2426000.5
242640C.5
2426807.5
2427270.5
2427620.5%
2428000.0
242840C.5
242880C.5
2429277.5
2429600.u
2430002.5
2430400.5
2430800.5
2431207%.5
2431600.5
2432000.5
2432400.5
2432800.5
2433200.5
2433630.5
2434000.5
2434400.>
2434800, >
2435200.5
2435600.5
2436000.5
2436400.9
2436800,5
2437200.5
2437600.5
243800".5
2438400.5
2438809.5
2439200.5
2439600.5
2440000,5
2440403045
2440800.5
2441200.5
2441600.5
244200C.5
2442400.5
2442800.5
2443200.5
244360C.5
2644000.5
2444400.5
2444800.5
2445200.5
2445600.5
24460090.5
2446400.5
244680C.5
2447200.5
2447600.5
2448000.5
2448400.5
2448800.5
2449200.5
2449600.5
2450000.%
2450400.5
2450800.5
2451200.5
2451600.5
2452001%.5

a- 106

-25.6802
~+24.7392
=183.5787
-~66.1703
-78.3769
“23.45(9
117.25u7
110.4397
447 .2482
48.3255
42,3257
=t00.d200
45,5380
~+57.1712
-76.3686
193.u932
“38.7410
526.7024
27445792
-71.9823
-c90.8993
-208.2133
114.9756
465.1798
5640411
87.2615
<73,4859
-153.9845
~3216.44056
=-76.0916
—»30,0024
-.N6.7518
Tl.4a041
wl4.5603
~97.>987
35,2362
30.7996
=175.ul>?
—518.3359
-338.5834
-78.4d642
155, 1444
49,1694
175.5120
-30.1787
—efRT.2219
-491.4810
-,45.7821
-406.1775
—121.4645
191.1939
404 ,8913
37,6705
<T2.5486
—42.2741
-+96.3537
-¢20.3867
-42.8711
~175.0702
768.1695
566.1230
«0B8.,60L8
+11.7172
79.2731
—-c60.1260
-491.0323
~»39.1502
~382.2474
-70.8370
74,0246
497.3931
491.0603
I54.5699
-95.7727
-367.5445
-.59.7982
-33.9788
420.5828
7167.0008
=38.4994
L85.u185
104.6147
~400.2457
-731.4179
—-183.4196
-161.4336
~154.5013
£99.5275
646.1689
151.2086
»52.9113
12540258
-292.8299
~425.2430

B-108

-639.2u94
-146.1454
736.6099
1596.2492
1987.7979
1751.2:34
1031.6.75
152.0754
=-547.9499
—-836.2213
~642.6141
-56.4¢28
710.3124
1284.7909
1717.7239
1582.4419
1048.9729
370.7643
-130.6422
-221.7431
103.9165
542.3295
678.9611
347.4786
-341.1n16
-1111.4252
-1646.273)
-1723.5512
-1315.4957
-589.7414
177.71578
715.8¢424
845.8189
529.9418
~114,7 349
-839.9¢619
-1336.0195
~1363.3134
-939.6236
-432.7.33
-205.4011
-323.7299
-654.6624
-994.,5271
-1154.2781
-1019.6450
-590.8286
6.8722
559.9578
855.7129
782.9728
381.7711
~-179.5330
—669.5996
-868.4709
~640.9459
-15.2181
735.8914
1189.6778
1113.2912
575.7754
-159.7234
-786.4: 69
—-1079.0n25%
~955.6943
-482.7C55
159.3476
732.0267
1013.7109
885.6240
398.6868
-229.1218
-705.0781
-795.8733
-446.5780
125.9686
479.0456
298.8367
~406.0676
-1379.8652
~2244.7187
-2658.6963
—2468.3443
-1768.5588
-839.3404
-18.9081
413.9894
318.41330
-270.0801
-1140.0829
-1954.3655
-2366.5987
-2209.8062
-1693.8313

¥-108

-2.2820
-1.1039
1.8615
5.7091
8.1031
7.4941
4.0516
-0.7838
-5.1782
—7.6745
~7.5248
-4.7524
-0.1107
5.0121
8.8405
9.7777
7.2067
1.9726
-3.9351
-8.0445
-7.4863
0.0606
12.3534
23,4665
28.1260
23.4966
10.2350
-6.9785
-21.9333
-29.4286
-27.5024
-17.2988
-2.0662
13.8310
25.7247
29.5463
23.0649
6.9637
-15.4240
—-37.6416
-590.3056
-48.0549
-31.6816
—6.1834
21.0956
41.9684
49,2209
39.1995
14.4549
-16.1167
-41.2660
-52.7262
—47.7967
~28.8058
~1.4432
26,7676
47.8010
54.4573
42.5479
14.8416
-18.5628
-45.3184
-56.6869
-50.0594
-28.2871
2.0486
32.2180
52.9310
56.5952
4045154
9.5358
~25.0205
~50.6910
-59.1829
-47.7874
-18.1856
22.1906
59.5681
79.9046
74.0576
41.7828
-6.2468
-52.2534
-80.0258
=81.5994
-58.2079
-17.8037
27.8027
65.3273
82.5641
71.9622
34,7067
~18.1808
-69.7606

Table C-1 (Continued)

aT'IO6

~225.6803
-624.7391
-783.8788
~566.1697
-78.0778
423.4513
717.2512
T10.9397
447.0486
4843253
-342.3253
-600.8211
-645.5383
-457.1713
~96.9692
293.3936
5393.7412
526.7038
274.5996
~71.9823
-290.9005
-208.2140
114.9747
465.1798
656.0409
587.2614
273.9853
-153.9856
-516.4485
-676.0918
-590.6026
-306.7517
71.4040
414.5610
597.5999
535.2360
230.7962
-175.0165
-418.3352
-338.5835
-78.8641
155.1443
249.1698
175.5126
-30.1786
-287.9225
-491.4807
-545.0816
-406.1769
~121.4645
191.1933
404.8908
437.6708
272.5481
~42.2741
~396.3540
-620.3879
-542.8717
-175.0708
268.1693
566.1232
608.0611
411.7176
79.2731
-260.1259
-491.6325
-539.1506
-382.2474
-70.8369
274.0247
497.8933
491.0610
25445695
-95.7718
-367.5449
-359.7984
-33.9784
420.0829
767.0006
8368.4993
585.0181
104.6155
-400.2449
-731.4182
~783.4198
-561.4335
-154.5001
299.5275
646.1688
751.2091
552.9112
125.0252
-292.8303
~425.24%94

ET' 106

-639.2894
-146.1461
136.6702
159642495
1987.7974
1751.2037
1031.6083
152.0056
-547.9492
-836.2217
-642.6136
-56.4632
710.3132
1384.7917
1717.7235
1582.4617
1048.,9717
370.7643
~130.6427
-221.7830
103.9161
542.3295
678.9613
347.4992
-341.1810
-1111.4257
-1646.2030
~-1723.5521
-1315.4961
-589.7421
177.7577
715.8623
845.8088
529.9815
~114.7555
-839.9623
~1336.0192
-1363.3125
-939.6238
-432,7031
—-205.4813
~323.7292
-654.6621
-994.5274
-1154.2793
-1019.6451
-590.8292
6.8720
559.9882
855.7124
782.9224
381.7700
-179.5325
-669.5995
-868.4711
-640.9854
-15.2188
735.8907
1189.6775
1113.2911
575.7261
-159.7233
~786.4076
-1079.0030
-955.6946
-482.7062
159.3476
732.0272
1013.7122
B885.6236
398,6869
-22%.1218
-705.0087
-795.8736
—446.,5081
125.9686
479.0860
298.8359
-406.0684
-1379.8658
—2244.7095
~2658.6960
~2468.3444
~1768.5583
-839.3402
-18.5083
413.9888
318.4326
-270.0798
-1140.0827
-1954.3658
~2366.5977
-2209.8064
-1693.8315

Yy 108

-2.2821
-1.1036
1.8618
5.7095
8.1228
7.4939
4.0510
-0.7833
-5.1785
—T.6743
-7.5243
-4.7523
-0.1108
5.0120
B.8408
9.7777
7.2061
1.9731
-3.9352
~8,0445
~T.4866
0.23613
12.3532
23.4661
28.1265
23.4969
10.2949
-6.9785
-21.9335
=29.4290
-27.5021
-17.2987
-2.0666
13.8310
25.7244
29.5461
23.0646
6.9635
-15.4232
-37.6414
-50.3052
~48.0554
-31.6822
-6.1832
21.0953
41.9685
49.2206
39.1995
14.4550
-16.1168
-41.,2659
-52.7258
—47.7969
~28.8057
~1.4430
26.7676
47.8009
54,4571
42.5484
14.8413
-18.5627
-45.3177
-56.6866
-50.0605
~28.2874
2.0485
32.2183
52.9319
5645952
40.5154
9.5360
-25.0199
-50.6910
-59.1826
-47.7874
-18.1856
22.1903
59.5685
79.9048
74.0582
41.7828
-6.2466
-52.2531
-80.0253
-81.5986
-58.2071
-17.8040
27.8025
65.3280
82.5642
71.9626
34,7073
-18.1809
—-69.7606

(a-a,)-lo‘

0.0002
-0.0901
0.0001
-0.0006
0.0009
=0.03004
-0.0005
-0.0000
-0.0004
0.0002
~0.0004
0.0011
0.0003
0.0001
0.2006
-0.0004
-0.0001
=0.0013
~0.0004
-0.2000
0.0013
0.0007
0.0009
0.0001
0.0002
0.0000
0.0006
0.0010
-0.0001
0.0002
0.n002
-0.0001
0.0000
-0.0007
-0.0013
0.0003
-0.0005
0.0013
0.0003
0.0001
-0.0001
0.0000
-0.0004
-0.0006
-0.0001
0.0006
-0.0003
-0.0006
~0.0005
0.0000
-0.0003
0.0005
-0.0003
0.0004
0.0000
0.0003
0.0011
0.0006
0.0007
0.0002
-0.0003
-0.0003
~0.0004
-0.0000
-0.0002
0.0003
0.0004
-0.0000
-0.0001
-0.0000
-0.0003
-0.0007
0.0005
-0.0009
0.0004
0.7002
-0.0004
-0.0002
0.0002
0.0001
0.0004
-0.0008
-0.0007
0.0003
0.0002
-0.0001
-0.0011
0.0000
0.0001
-0.0005
0.0001
0.0006
0.0004
0.0003

(#-Br)- 108

0.009v
0.0007
-0.0012
-0.0003
0.0003
-0.0003
-0.0008
-0.0001
~0.0007
0.0003
-0.06005
0.0004
-0.0009
-0.0008
~0.000%
0.0002
0.0002
-0.000C
0.0005
-0.0001
0.0004
-0.0000
-0.0001
-0.0005
~-0.0006
0.0005
0.0001
0.0009
0.0004
0.0007
0.0001
0.0021
2.0601
0.0003
0.7006
0.0004
~0.0003
-0.0009
0.0002
-0.2002
0.0002
-~0.0007
-0.0003
0.0003
0.0012
0.00302
0.0005
0.0002
-0.0003
0.0006
0.0004
0.0011
-0.0005
-0.0001
0.0002
~-0.000%
0.0007
0.0007
0.9003
0.0001
-0.0008
-0.0001
0.0008
0.0005
0.0003
0.0007
-0.0000
-0.0005
-0.0013
0.0005
-0.2001
0.0000
0.0006
0.0003
0.0001
0.0000
-0.0003
0.0007
0.0008
0.0006
0.0009
-0.0003
0.0001
-0.0005
-0.0001
0.0001
0.0006
0.0003
-0.0004
-0.0002
0.0003
-0.0009
0.0002
0.0002

(ry) 108

0.0001
-0.0003
-0.0003
-0.0003

0.0003

0.0002

0.0006
-0.0005

0.0003
-0.0002
-0.0005
-0.0001

0.0002

0.0001
-0.0003
-0.0000

0.0006
-0.0005

0.0001
-0.0000

0.0003
-0.0007

0.0002

0.0004
-0.0005
-0.0003

0.0001)

0.0000

0.0002

0.0004
-0.0003
~0.0001

0.0004
-0.0000

0.0003

0.0002

0.0003

0.0003
-0.0008
-0.0002
-0.0004

0.0005

0.0005
-0.0001

0.0004
-0.0000

0.0003

0.0000
-0.0001

0.0000
-0.0002
-0.0003

0.0002
-0.0001
-0.0002
-0.0001

0.0001

0.0003
-0.0005

0.0003
-0.0001
-0.0006
-0.0003

0.0011

0.0003

0.0002
-0.0003
-0.0009
~0.0000
-0.0001
-0.0002
-0.0005

0.0001
-0.0003
-0.0001
-0.0000

0.0003
-0.0004
~-0.0001
-0.0005
-~0.0000
-0.0002
-0.0003
-0.0005
-0.0008
-0.0008

0.0002

0.0002
~0.0007
-0.0001
-0.0004
~0.0006

0.0002

0.0000
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Table C-2

Residuals for Saturn.

Julian Day a-10% 8108 7+10% a;- 108 By 10% 71°10% (a-ag)-10¢ (B-Br)-108  (r-r;)-10¢
237840045 -:02.9108 2423.7645 —209.8672 -502.37095 2423.7669 -209.8671 -N.2012 -0.0025 -0.0001
2378870.5 52.1353  3034.9301  -198.3214 52,1358  3034.95ls  -198.321% -0.0005 -0.0015 -0.0000
2379200.5 18,8134  3389.5163  =174.7261 518.8136  3389.5176  -174.7265 -0.9103 ~0.3014 0.0004
237963C.5 (46,9072 3559.3 315 ~142.4406 746.9068 3559.3333 -142.4408 0.0004 ~0.9019 0.0004
238C6CT.5 748.0944  3706.3177  ~104.9412 748.0952  3706.3199  ~104.9412 -0.0007 ~0.0022 -0.0000
238040).5 152.1004  3885.9524  -62.253] 652.1001  3885.9538  -62.2531 0.0003 -0.0014 -0.0000
2380800.5 546.6653  4056.0 67 -14.8480 546.6659  4056.0072  -14.8476 -0.0010 -0.0005 -0.0003
2381202.5 467.0167  4149.5120 34.7994 467.8176  4149.5123 34,7995 ~0.0009 -0.0004 =0.0000
2381600.5 228.0454  4107.7534 82.7459 428.0455  4107.7849 82.7461 -0.0001 -0.0015 -0.0002
2382007.5 432.0224  3900.1.15 124.6706 432.5224  3900.1028 124.6005 -0.0000 -0.0013 0.0001
238240C. 5 4B3.06476  3535.2°27 156.8733 483.6479  3535.2043 156.8737 -0.0003 -0.001o -0.0004
2382807.5 “74.4478  3056.1399 178.0283 574.4481  3056.1410 178.0289 -0.0003 ~0.001¢ -0.0006
2383203.5 -92.2213 2520.6884 188.4597 692.2215 2520.689%0 188.4598 -0.0002 -0,0012 -0.0000
2383600.5 123.9573  1982.6 383 189.6407 825.9572  1982.6385 189.6409 0.0001 -0.0003 -0.0002
2384000.5 $62.9157  1482.8171 183.2695 962.9156  1482.8170 153.2695 0.2001 0.0001 0.0000
2384400.5 1109.7693 1047.0.99 170.7698 1109.7686 1047.0704 170.770% 0.0006 -0,0006 -0.0008
2384800.5 1.68.8026 686.1¢40 153.0683 1268.8030 68641642 153.0683 —0.0204 ~0.0302 -0.00093
2385200.5  1440.2171 395.1978 130.4710  1440.2167 395.1984 130.4712 0.0004 -0.0006 -0.0002
2385600.5 1 08.2703 152.5309 102.6978  1608.2713 152.5317 102.6976 ~0.0010 ~0.0007 0.0001
2386000.5  1/23.2212 -76.9175 69,4399 1723.2221 ~76.9170 69.4396 -0.0009 -0.000> 0.0003
2386490.5  1r82.3824  -309.2460 32.1256  1682.3826  -309.2456 32.1258 -0.0002 -0.0004 -0.0001
2386800.5 1470.17391 -465.4481 -5.7352 1400.7397 -465.4488 ~5.7362 -0.0006 0.0007 0.0010
2387200.5 9624008  -448.1946  -42.8749 962.4010  -448.1932  -42.8749 ~0.0002 ~0.0012 -0.0001
2387600.5 ~06.48252 -266.8%20 ~78.1534 506.8255 -266.8928 -78.1543 -0.0004 0.0007 0.0009
2388CJ0.5 118.48753 19.2129 -108.5218 118.8749 19.213¢ -108.5225 0.0%04 -0.0001 0.0007
2338403.5 —164.0300 343.6671 -130.5582 ~164.,0297 343.6684 -130.5584 -0.0003 -0.0014 0.0001
2388800.5 - 34.4346 644.1353  ~141.6660  ~—334.4344 644.1355  -141.6659 -0.0201 -0.0002 -0.0001
238920C.5 ~401.4805 868.4503 ~140.6626 -401.4798 868.4900 ~140.6626 -0.0006 0.0003 -0.0000
2389600.5  ~579.8274 980.4402  -128.0651  -379.8267 980.4410  -128.0647 -0.0007 -0.0008 ~0.0003
2390000.5  =781.6149 964.9458  -106.1239  —281.6143 964.9460  ~106.1247 -0.0007 -0.0001 0.0008
2390407.5  —114.1379 832.1.3) -78.4481  -114.1377 832.1027  -78.4485 0.0007 0.0003 0.0004
2390800.5 115.0392 614.9422 -48.9788 115.6392 614.9421 -48.9795 -0.0000 0.0001 0.0007
239120C.5 .95.2328 356.3479 -20.6354 395.2825 356.3485 -20.6346 0.0004 -0.0006 -0.0008
2391607.5 107.8704 90.0736 5.4519 707.8711 90.0734 5.452 -0.0007 0.0003 -0.0009
2392000.5 1.37.4119 -171.0c96 29.5459 1037.8124 -171.0702 29.5458 -0.0005 0.0000 0.0001
2392400.>  1.72.4804  -435,0187 52.3506  1372.4809  -435.0186 52,3505 -0.0005 ~0.0001 6.0009
2392800.5 1096.4427 -724.0157 74,2179 1696.4427 -724.0161 74.2177 0.G000 0.0005 0.0002
2393200.5  1979.9429 -1066.5245 94.6371  1979.9826 -1066.5250 94.6362 0.0003 0.0000 0.0009
2393600.5 2163.2807 —1482.3328 111.9378 2163.2864 -1482.3929 111.9384 0.0003 0.0001 -0.0006
2394000, 215841442 -1942.1102 123.9453 2158.1443 -1942.1109 123.9448 -0.0001 0.0007 0.0005
2394400.5  135.1116 =-2349.3725 129.9416  1935.1113 -2349.3721 129.9418 0.0003 -0.0004 -0.0001
2394830.5 1:67.UR73 -2655.7199 129.2725 1567.0873 -2655.7206 129.2719 -0.0000 0.0006 0.0005
2395200.5  1132.18¢2 -2887.0v22 120.1142  1132.1828 =-2387.0926 120.1142 -0.0007 0.0005 0.0000
239560".> (82.6838 -3074.5170 101.6243 682.6843 ~3074.5180 101.6240 -0.0005 0.6010 0.0003
2396200.5 £51.6881 =3225.0674 75.0329 251.6891 —3225.0672 75.0334 ~0.0010 -0.9002 -0.0004
2396400.5  -143.2435 -3325.2784 43.1919  -143.2439 -3325.2786 43.1925 0.0005 0.0002 ~0.0006
2396800.5 -«94.1282 -3353.,2¢53 9.6042 ~494.1280 -3353.2658 9.6040 ~0.0002 0.0005 0.0001L
2397200.5 —794.5324 -—3287.7126 -22.33990 -794,.5351 -3287.7136 -22.3389 -0.0903 0.0009 -0.0001
2397600.5 -1 33.3493 -3112.3321 -49.8254 -1033.3490 -3112.3525 -49.8256 -0.0003 0.0005 0.0002
23980M00.5 -1192.1652 -2818.0374 -70.9727 ~1192.1650 -2518.0381 -70.9721 -0.0002 0.0007 -0.0006
239840C.> -1.46.9424 -2404.3783 -85.1072 ~-1240.9421 =-2404.3087  -u5.1070 -0.0003 0.0005 ~0.0002
2398807.5 ~-1174.3933 =-1882.0362 -92.8824 -1174.3931 -1882.0874  -92.8819 ~0.0001 0.0012 ~0.0005
2399200.5  —161.7R88 -1279.0503 -95.9062  -961.9898 =-1279.0517  ~95.9063 0.0009 0.0014 0.0001
2399600.5 = 16.2772 —646.55%62 -95.7347 —616.5767 ~646.5568 -95.7347 -0.0005 0.0000 -0.0000
2400000.5  -167.5656 -61.2179 -92.7358 -167.5653  ~61.21lTs  -92.7363 -0.0004% -0.0001 0.0005
2400432.5 128.4645 387.1324 -85.9117 328.4645 387.1318 ~85.9121 0.0000 0.0006 0.0004
2600800, 5 (70.0312 627.0654 -74.2385 770.0320  627.0651 -74.2389 -0.0008 0.0002 0.0004
2401200.5 1 07.0133 676.0 12 -5%9.2493 1007.6138 676.0016 ~59.2492 -0.0005 -0.0004 -0.0001
2401600.5 172.4414 686.3556 -44.1265 972.4413 686.3559  -44.1267 0.0002 -0.0002 0.0001
2402090.5 768.1079 778.8254 -28.2920 768.1074 178.8241 -28.2914 0.0005 0.0013 -0.0006
240240Q0.5 »11.1311 948.4231 ~-9.9966 511.1316 948.4223 ~9.9966 -0,0005 0.0008 -0.0000
2402820.5 £62,0203  1136.9428 10.4379 262.0259  1136.9830 10.4366 0.0004 -0.0002 0.0004
2403200.5 48.8128  1281.4156 30.8135 48.8126  1281.4156 30.8138 0.0003 ~0.000y -0.0004
2403607.5 —111.8435 1337.44680 48.0799 -111.8439 1337.4678 48.0797 0.0004 0.0001 0.0002
260400C.5  -008.3624  1294.9097 59.6658  -208.3631  1294.9091 59.6655 0.0007 0.0006 0.0003
2404400.5  -c37.3461  1177.6506 64.6573  -237.3466  1177.6501 64,6572 0.0005 0.0004 0.0001
2404800.5  -204.6840  1027.2754 63.9553  -204.6849  1027.2755 63,9556 0.0009 0.0004 -0.0003
240520C0.5  -119.7451 883.7620 59.4967  —119.7453 883.7610 59.4966 0.0001 0.0010 0.0001
2405600.5 11.6350 774.9136 53.3379 11.6343 774.9119 53.3383 0.0007 0.0017 -0.0004
2416000, 5 189. 7244 713.7306 47,0911 189.7241 713.7299 47.0913 0.0003 0.0007 -0.0002
2406400.5 418.3832 698.64533 41,6412 418.3835 698.6525 4l.6416 -0.0003 0.0008 -0.0004
2406800, £98.4679 713.60652 37.0023 698.4665 713.6652 37.0019 0.0004 -0.0000 0.0004
2407200.5 1 17.36U3 727.6157 32.2784 1017.3591 727.6151 32.2780 0.0009 0.0006 0.0004
2407600.5  1:33.4368 695.0 (90 26.0377  1333.4365 695.0790 26,0369 0.0003 0.0000 0.0008
2408C00.>  1:53.9266 573.6726 17.7584  1553,9255 573.6719 17.7587 0.0011 0.0006 -0.0003
2408400.5  1451.1332 395.8114 9.4797  1551.1321 395.8309 9.4798 0.0011 0.0004 -0.0001
2408800.5  1126.8747 283.4135 2.0474  1326.8742 283.4131 2.0464 0.0004 0.0005 0.0010
2409200.5 1 16.6063 279.5608 -5.8031 1016.6058 279.5595 ~5.8029 0.0005 0.0012 -0.0001
2409600.5 122.4628 346.5658 -13.4418 722.4622 346.5651 -13.4419 0.0006 0.0007 0.0001
2410000.5 490.8188 430.1568 -19.0950 490.8179 430.1555  -19.0950 0.0010 0.0014 0.0000
2410600.5 »33.0873 479.3986 -21.1741 333.0870 479.3976  -21.1745 0.0003 0.0010 0.0004
2410800.5 242.6206 453.4950 -18.8969 242.0206  453.4944  ~[8.8968 ~0.0001 0.0007 -0.0000
2411200.5 20443191 326.7.00  -12.5738 204.3188 326.6992 -12.5742 0.0003 0.0008 0.0004
2411600.5 209.9642 92.9923 -3.7254  209.9644 92.9920 ~3.7263 -0.0002 0.0003 0.0008
2412000.5 256.0500  -229.9538 5.1297 256.0498  -229.9546 5.1299 0.0002 0.0008 -0.0002
2412400.5 343.2112 -601.3712 11.2681 343.2110  -601.3716 11.2681 0.0003 0.0004 0.0001
2412800.5 468.6934  =96B.4645 12.9821 468.6937  -968.4658 12.9820 ~0.0003 0.0013 0.0001
2413200.5 624.9044 —1286.0201 10.3863 624.9046 -1286.0209 10.3866 -0.0002 0.0008 -0.0003
2413600.5 #04.4253 =-1531.6816 5.1111 804.4280 ~-1531.6826 5.1110 0.0002 0.0010 0.0001
2414000.5  1(02.8626 -1708.8292 -0.6792  1002.8627 -1708.8295 ~0.6793 -0.0001 0.0004 0.0001
2414400.5  1214.5187 -1841.0726 -5.1518  1214.5191 -1841.0730 ~5.1519 -0.0004 0.0004 0.0002
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Table C-2 (Continued)

Julian Bay a-108 B+ 108 y-108 a;+108 8,108 ¥7° 108 (a-aq)-10° (B-B)- 100 (>-r7)- 108
2414800,5  1.22.46U0 -1964.3764 -7.3463  1422.4603 -1964.3764 -7.3477 -0.0003 0.2001 0.0014
2415200.5 1 .84.0223 -2116.0311 -7.5232  1594.0220 -2116.0814 ~7.5225 0.0002 0.6003 -0.0007
2415600.5  1.19.2873 —~2305.7776 -6.9815  1619.2878 -2305.7785 -6.9815 -0.0005 0.0019 0.0000
2416700.5  1462.3519 -2470.3571 -6.4083  1462.3517 -2470.3567 -6.4081 0.0001 -0.0004 -0.0002
2416400.5  1156.0944 =-2544.4c62 ~5.9111  1156.0956 -2544.4689 ~5.9113 -0.0012 0.0000 0.0002
2416890.5 85,2512 -2547.4305 -7.0633 785.2511 -2547.4904 -7.0641 -0.0602 9.0003 0.0009
2417200.5 409.2004 ~2525.2472 -11.2126 409.2071 -2525.2775 -11.2118 -0.1006 0.0003 -0.0008
2417600.5 63.6247 =-2503.4%37 ~17.9597 63,6249 =-2503.8843 -17.9600 -0.0001 0.0006 0.0003
2418RI2.5  =.34,59C8 -24R5.3438 -25.4498  -234.5917 =2485.3652 -25.4500 0.0209 0.9014 0.0002
241840045  —w81.7253 -2457.7¢92 -31.3264  -48l.7252 -2457.7704 ~31.3288 -0.2200 0.0012 0.0004
2418800.5  -o79.0092 -2404.0216 -33.5585 —679.0092 =-2404.0213 -33.5577 0.0000 -0.0003 -0.0008
2419200.5  -n25.0366 -2306.5306 -30.8775 ~825.0358 -2306.5306 -30.8782 -0.0008 0.0001 0.0007
2419600.5  =911,1739 =-2149.475 -23.0781  -911.1744 -2149.4881 -23.0780 0.0006 9.0006 -0.0001
2420000.5  ~321.1006 -1920.7:635 -11.1604  -921.0998 =-1920.7637 -11.1605 -0.7008 0.9002 0.0001
2420430.5 -.35.3366 ~-1614.8438 2.6560  -835.3368 -1614.8430 2.6565 0.0002 -0.0009 -0.9005
2426900.5  -c40.3444 ~1238.3703 15,3705 -640.3447 -1238,3708 15.3711 0.9004 0.0005 -0.0006
26421200.5  ~337.6787 -818.4194 24.2603  -337.6791 -818.4189 24.2602 0.0004 -0.0004 0.0002
2421600.5 52,3779  -408.0095 28.1482 52.3775 -408.0707 28.1485 0.0004 0.0012 -0.0003
2422000.5 489, 2602 -80.5536 27.8322 489.2603 ~80.5642 27.8318 ~0.0001 0.2006 0.0004
: 242240C.5 900,5164 92.0415 25.0653 900.5159 92.0406 25.0660 0.0005 0.0009 -0.0007
; 2422800,5  1162.6700 86.2:05 20.2881  1162.6700 86,2210 20.2882 0.0000 ~0.0004 -0.0001
: 2423207.5  1155.8051 3.5267 11.5935  1155.6952 3.5267 11.5030 -0.0001 0.0000 0.0005
2423600.5 11841019 4.1071 -0.7511 918.1018 4.1667 -0.7511 0.7001 0.0004 0.0000
2424000.5 77.5321 134.3104 -12.8626 577.5317 134.3099 -12.8627 0.0004 0.0006 0.0001
2624400.5 .19.6870 351.5723 -22.8460 219.5865 351.5917 ~22.8456 0.0005 0.0005 ~0.0004
2424810.5 -112.4586 591.9¢70 -31.0143  =112.4577 591.9661 -31.0146 -0.0009 0.17009 0.0004
2425200.5 -.93,4763 80144340 -38.9803  —393.4759 801.4845 -38.9809 ~0.0004 -0.0005 0.0006
2425600.5  —0D4.7682 955.2472 -48.2999  -604.7683 955.2970 -48.2997 0.0001 0.0002 -0.0002
2426000.5  =735.9395  1062.8 64 -59.2128  -735.9395  1062.806% -»9.2121 -0.0000 -0.0003 -0.0006
2426490.5  ~787.0974  1154.8146 -70.3024  -787.0976  1154.8349 ~70.3029 0.0003 -0.0003 0.0005
2426800.5  —164.4059  1264.1483 -79.1915  -764.4060  1264.1491 -79.1917 0.0001 ~0.0003 0.0001
2642723%.5  -c72.6966  1412.9498 -83.4885 -672.6966  1412.9603 -83.4883 -0.0000 -0.0005 -0.0002
2627630.5  -“11.51U7  1609.0279 -81.4457  -511.5109  1609.0277 -81.4451 0.0002 ~0.0008 -0.0005
2428000.5  ~276.2597  1845.6127 -72.2906  -276.2606  1845.6332 -72.2911 0.0009 -0.0005 0.0005
2428430.5 36.3192  2101.9/35 -56.4142 16.3184  2101.9239 ~56.4146 0.00038 -0.0004 0.0004
2628R00.5 “18.9152  2342.4215 ~35.445% 416.9151  2342,4209 ~35.4461 0.0900 0.0007 0.0006
2429200.5 401256 2516.6237 -12.0239 B40.1249  2516.6737 -12.0233 0.0006 -0.0001 -0.0006
2429600.5  l.24.45b4  2566.8°.99 11.3358  1224.4588  2566.8599 11.3359 -0.0004 0.7001 -0.0001
2430000.5  1-38.1629  2477.7135 34.3833  1435.1633  2477.7124 34.3830 -0.0n04 0.2007 0.0004
2430400.5  1398.7238  21353.3336 57.5033  1398.7245  2353.3335 57.5036 -0.0006 0.0002 -0.0003
243089°.5  1207.5550  2291.9381 77.6798  1207.55571  2291.9384 77.6794 -0.0007 ~0.0003 0.0004
2431200.5 189.8428  2283.5194 92.8370 989.8421  2283.5390 92.8370 0.0006 0.0004 0.0000
2431600.5 “08.7516  2279.6158 102.9638 808.7508  2279.6753 102.9642 0.0009 0.0005 ~0.0004
2432000.5 £83.3779  2230.9 41 108.6708 683.3771  2230.9041 108.6715 0.2007 -0.00M0 -0.0007
2432400, 5 $N9,0837  2097.1533 110.4564 679.0835  2097.1839 110.4558 0.0001 -0.0006 0.0006
243280C.5 72.2420  1853.2323 178.3591 572.2416  1853.2326 108.3588 0.0004 -0.0003 0.0003
2433200.5 61,1380 1493.1716 101.7603 561.1390  1493.1924 101.7604 -0.0010 -0.000% -0.0001
2433600.5 71.6508  1035.0727 89,4093 571.6515  1035.0725 89.4097 -0.0006 0.0002 ~0.0004
2434000,5 195,3437 522.0177 69.9777 605.3432 522.0181 69.9779 0.0004 ~0.0004 -0.0001
2434400.5 62,3357 13.9790 43.1274 662.3859 13.9784 43,1270 -0.0002 0.0006 0.0004
2434800.5 (38,1445  —431.2438 10.3372 738.1444  —431.2441 10.3368 0.0001 0.0004 0.0004
2435200.5 27.3435  =776.0n36 ~25.3143 827.3444  -776.0836 -25.3144 -0.0010 0.0000 0.0000
2435600.5 428.4700 —1009.6402 ~60.1465 928.4698 -1009.6400 -60.1469 0.1002 -0.0001 0.0004
2436000.5 1 41.7143 ~-1144.3657 -90.8444  1041.7138 -1144.3656 -90.8437 0.0004 -0.0001 ~0.0007
243640C.5  1160.3239 =-1209.6726  —115.0512  116U.8238 =1209.6725 =-115.0517 0.0001 -0.0001 0.0005
2436R00.5  1,60.2189 =-1244.2329  -131.7361  1260.2194 =-1244.2334 ~131.7359 -0.0005 0.0005 -0.0002
2437200.5 1.78.7929 =-1277.7322 =l41.2444 1278.7940 -1277.7816 ~141.2447 -0.0011 -0.7006 0.0004
2437600.5  1135.7045 -1284.0430  -144.1934  1135.7050 ~-1284.0426 -144.1935 -0.0005 ~0.0003 0.0001
2438000.5 34,1609 -1190.7°60  -140.4794 A34.1607 ~1190.7360 -140.4795 0.0003 0.0000 0.0001
2438400.5 @61.2027  -997.5424  —131.4072 461.2030  -997.5422  -131.4069 -0.0003 -0.0002 -0.0003
2438800.5 90.3509  -759.0434  -118.8917 70.3510 -759.0826  ~118.8924 -0.0002 -0.0008 0.0007
2439200.5  -033.7739  -521.6197  -133.5362  =233.7735 -521.6193  -103.5362 ~0.0004 ~0.0004 -0.0000
2439600.5  —489.3459  -307.7+¢24 -84.6388  -489.3457  -307.7612 -54.6387 -0.0002 -0.9011 -0.0001
2440000.5  —c71.9415 ~122.97134 ~61.1505 -671.9408 =—122.9927 -61.1511 -0.0007 -0.0007 0.0006
2440490.5  -786.5581 36.1923 -32.5222  -786.5582 36.1931 -32.5222 0.0001 -0.0007 -0.0000
2440800.5 —339.3629 178.0457 0.8439  ~839.3624 178.0469 0.8443 -0.0005 ~0.0012 -0.,0004
2441200.5  --31.7133 313.9012 37.4066  -B31.7137 313,9017 37.4074 0.0004 ~0.0005 -0.0007
2441600.5  ~/57.7653 457.0435 74.4543  -757.7660 457.0427 74.4551 0.0007 0.0008 -0.0008
! 2442000.5  -006.7348 620.5378 108.2417  -606.7345 620.5876 108.2421 -0.0003 0.0001 -0,0003
‘ 2442400.5  -170.1132 812.6167 134.5037  -370.1127 812.6168 134.5029 -0.0005 -0.0001 0.0007
2442800.5 -50.4175  1027.4263 149.5492 -50.4177  1027.4259 149.5494 0.0002 0.0004 -0.0002
2443200.5 334.4410  1236.6661 151.6267 334.5407  1236.6667 151.6263 0.0003 -0.0007 0.0003
| 2443600.5 153,570  1389.3326 141.5220 753.5707  1389.3330 141.5223 -0.0007 ~0.0004 -0.0002
' 2444N00.5  1153.1226  1425.4009 121.7791  1153.1233  1425.4612 121.7793 -0.0007 -0.0003 -0.0002
\ 2444400.5  1441.2549  1306.4660 94.7289  1441.2553  1306.4662 94.7286 ~0.0004 ~0.0002 0.0003
' 2444800.5  1489.7418  1080.3u34 60.4434  1489.7417  1080.3033 60.4439 0.0000 0.0002 -0.0004
: 2445200.5  1259.8959 907.2527 +  19.4523  1259.8964 907.2525 19.4525 -0.0005 0.0002 ~0.0002
2445600.5 +61.4811 895.5580 ~23.5613 861.4808 895.5583 ~23.5612 0.0003 ~0.0004 -0.0001
2446000.5 405.4187  1035.1676 -64.2833 405.4191  1035.1677  -64.2834 ~0.0004 ~0.0001 0.0001
2446400.5 -45.4221  1268.9288  ~101.0632 -45.4221  1268.9292 -101.0625 0.0000 -0.0003 -0.0007
2446800.5  -453.4141  1537.6356 -134.0353  -453.4149  1537.6356 =-134.0355 0.0008 0.0000 0.0002
2447200.5  -790.7485  1803.7763 '~163.7314 -790.7495 1803.7072 -163.7324 0.0010 -0.0009 0.0009
2447600.5 -1.38.5042  2061.4566 -189.7266 <-1036.5043  2061.4569 -189.7263 0.0002 ~0.0003 -0.0004
2448000.5 -1189.7908  2329.0823 -210.1123 -1189.7913  2329.0822 ~210.1124 0.0005 0.0000 0.0001
2448400.5 ~1.46.8349  2630.4797 -222.0953 -1246.8345  2630.4796  -222.0946 ~0.0004 0.0001 -0.0006
2448800.5 ~-1213.3770  2981.4217 -222.9820 ~1213.3769  2981.4222 -222.9820 -0.0001 ~0.0006 0.0001
' 2449200,5 -1189.2225 3384.3262 -210.9335 -1089.2228  3384.3267 =-210.9332 0.0003 -0.000> -0.0003
. 2449600.5  -069.8365  3827.7109 -185.3595 -869.8373  3827.7120 -185.3595 0.0008 -0.0011 0.0000
2450000.5  -550.5557  4286.5751 ~147.1489 -550.5557  4286.5761 -147.1486 -0.0000 -0.0010 -0.0003
2450400.5  -134.7261  4722.1.52 -98.7842 -134.7260 4722.1058 ~98.7851 -0.0002 -0.0007 0.0008
2450800.5 354.2715  5080.8290 ~44.2085 354.2722  5080.8299 -44.2087 -0.0007 -0.0009 0.0002
2451200.5 $56.0463  5297.5321 12.0627 856.0463  5297.5333 12.0630 ~0.0000 -0.0013 -0.0003
2451600.5  1250.5422  5323.3289 67.0376  1250.5428  5323.3296 67.0379 ~0.0006 -0.0007 -0.0003
2452000.5  1396.5013  5214.3°35 119.8627  1396.5007  5214.3047 119.8635 0.0006 -0.0013 -0.00038

65




Julian Day

23784C0.5
2378200.5
237920045
2379600.5
2380.00.9
2380400.5
2380500.5
2381200.5
2381¢€00.5
23821 00.5
2382400.5
2382500.5
2383200.5
2383¢00.5
23840C0.5
2384400.5
2384800.5
2385200.5
2385600.%
2386.00.5
2386400.5
2386200.5
2387200.5
2387¢00.%
2388.00.95
2388400.5
2388¢00.9
2389,00.5
2389¢00.5
2390.00.5
2390400.5
23901v00.5
2391200.%
2391€00.5
2392000.5
2392400.5
2392000.95
2393200.5
2393¢00.5
239470C.5
2394400.5
2394¢00.5
2395200.5
239560045
2396.004.5
2396400.5
2396¢00.5
2397.00.5
2397¢00.5
239870045
239B400.5
2398£00.5
2399200.5
239960049
2400L00.5
240040045
240000045
240120045
2401€00.5
2402.00.5
240240045
2402800.5
2403200.5
2403600.5
240400045
2404400.5
2404800.,5
2405200.5
2405600.5
2406:00.5
2406400.5
2406€00.5
2407200.5
2407¢00.5
2408000.5
2408400,5
2408400.5
2409200.5
2409€00.5
2410C00.5
2410400.5
2410800.5
2411400.5
2411£00.5
241200045
2412400.5
2412800.5
2413200.5
2413¢€00.5
2414C00.5
2414400.5
2414800.5
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a-10°

933.1645
1138.2101
1309.7C64
l4a24..0
l468.40792
L440.5844
1352.2837
1225.2731
1091.5193

YdB.5210

941.5669

955.9047
1J15.5094
1UG4.1726
1165.8740
1206.7793
119843317
1128.7434

998.58502

82540957

641.0735

485.0503

365.5599

351.8763

376.4483

442,743

527..535

60743133

657.6593

655.7933

59048511

473.1ub2

332.455%

20Y.2846

119.5432

89,2725
11€.C796

192.3624

302.8904

424.,8233

528.&33C

583.9a74

972.4142

498,6369

387.4192

269.7u39

171,7327

111.4188

98.7G935

135.9527

216.2265

32G.3¢38

417.0470Q

471.4676

460.8647

385.1720

263.3317

121.8642

-12.4249
-117.1509
-171.4101
-162.2934

—-88.2971

34,2106
171.€6204

285.1608

346,4411

345,3504

288.9667

134.9836

86.u357

-12.2012

-72.3645

-70.2940

5.1C30

142.3592

312.8795

478.6990

610.7222

689.9767

708.9042

671.8719

593,971

499.7572

421.3255

390.3445

424.0942

516.7410

644.3083

176.€6315

886.0241

950.2092

£+108

345.7562
306.3276
306.U674
331.9903
361.4913
374.9C32
352.8896
278.3664
142.85C6
~45.96U%
=259.7534
-463.0436
-624.611¢
~727.2626
-769.249¢
~758.6137
-711.16C2
-648.7384
-569.0518
-592.771¢
-6592.5639
=-779.792¢
-9652.3525
-1136.2421
~1299.1465
~1417.2544
-1476.586C3
-1472.93811
-1413.7291C
-1317.2782
-1216.282¢8
~1148.37C5
-1140.918"
-1198.4209
-1303.601¢C
-1428.2455
-1542.639C
=1620.2483
-1639.9978
-1589.1917
-1468.6497
—-1297.8350
~1113.2374
-355.8557
-855.1215
-826.,0182
~841.9054
-901.2923
-972.9201
-1028.7995
-1041.4617
-989.5284
-867.4908
-692.1633
-498.,2754
—323.101¢
-194.1108
~125.)158
-117.0516
-161.4674
-240.9138
-330.0018
=-397.7430
-415.4419
-369.3591
~268.4665%
-138.4648
-8.151%
98.7462
164.6274
178.2612
136.2019
45.41763
-73.5776
-188.€367
=265.5465
—-283.0908
-240.1001
~150.8452
-36.1637
82.5662
184.2212
247.4526
254.3067
197.8880
89.9500
-39.6060
-154.9364
-228.7229
-248.0839
-212.4282
-132.00069

¥+10%

42.6142
42,0395
41.3504
40.0087
37.6573
34.1601
29.6046
24,3262
18.8802
13.9102
9.8737
6.5092
443573
1.9908
~0.7715
~4.2374
~8.4942
-13.3945
-18.53¢5
-23.2867
—-26.9390
-29.0292
-29.563¢
~28.960%
-27.8L45
-26.6873
=25.9942
-25.9502
-26.5229
-27.4118
~28.0944
=-28.0071
-26.8520
-24.7685
—22.2389
-19.8411
-18.0654
-17.2181
-17.3773
-18.3%62
-19.6879
-20.7093
-20.7930
-19.6364
-17.3865
-14.5169
~11.5943
~-9.1017
~7.3433
-6.3827
~6.C355
-5.7312
-4.9276
-3.0769
~0.u714
3.7683
7.8486
11.5429
14.3417
15.9383
16.2763
15.5834
14,3662
13.2886
12.8917
13.3151
14.2693
15.2562
15.7932
15.5240
14.2811
12.1373
9.4376
6.7827
4.8772
4.2264
4.8822
6.4579
B.3624
10.U324
11.0426
11.1449
10.3160
B.8l68
7.1851
6.0594
5.8688
6.6190
7.9470
9.3389
10.3101
10.5039

Table C-3

Residuals for Uranus.

01‘106
933.1643
1138.2097
1309.705¢8
1424.0168%
1468.0792
1440.5841
1352.283¢
1225.2735
1€91.9191
588.5215
941.5874
955.905.
1015.5093
1£94.3724
1165.8742
1206.7787
1198.3317
1128.7438
698.5848
825.0956
641.6741
485.0495
385.5599
351.8761
376.4481
442,073
527.0534
€07.3137
£57.6988
£55.7943
590.8517
473,1053
332.4957
205.2852
119.54CC
89.272¢
116.03CC
192.3623
302.89C¢
424.8225
528.6334
583.9875
572.413%
498.6373
387.4192
269.7040
171.7325
111.4191
$8.7095
135.952¢
216.227¢C
320.3636
417.0475
471.4677
460.8642
385.1723
263.3311
121.8654
-12.8253
-117.151C
-171.4100
-162.2931
-88.2977
34.2103
171.6203
285.1603
346.441C
345.3497
288.9612
194.9837
86.0358
-12.2014
=72.36417
-70.2946
5.1087
142,9593
312.880C
478.6993
61C.7218
689.9768
708.9035
671.8724
593.974¢
499.7572
421.3259
350, 3445
424.0935
516.7413
644.3085
176.6377
886.0243
950.2093

BT.IOG
345.7557
304.3279
3C6.0674
331.9904
361.4911
374.9032
352.8893
278, 3662
142.8509
-45.5607
~259.7540
~463.0437
~€24.4112
~727.2627
~769.2487
~758.6141
~711.1596
~648.7384
~599.0521
~592.7719
~-652.5636
~7179.7927
~952.3524
-1126.2422
=1299.1470
-1417.2583
-1476.%811
-1472.9808
~1413.2913
-1317.0784
-1216.2834
~1148.3705
-1140.9189
-1198.4204
-1303.6012
-1428.2458
-1542.6386
=1620.2485
-1639.99717
-1589.1918
—1468.6499
-1297.8343
=1113.2076
~955.8555
~855.1213
~820.0183
~841.9055
-9C1.2919
~972.9207
~1C28.8000
-1041.4014
-989.5287
~867.4909
-692.1635
~498.2757
-323.1016
-194.1108
=125.0162
-117.0508
~161.4672
=240.9137
-330.0021
-397.7427
-415.4419
-369.3586
—-268.4665
-138.4646
-8.1518
98.7460
164.,6283
178.2615
136.2021
45,4761
-73.5774
-188.6366
—265.5464
-283.0908
-240.0998
~150.8460
-36.1639
82.5662
184,.2215
247.4525
254.3058
197.8882
89.9495
~39.6054
-154.9366
-228.7222
-248.0843
-212.8281
-132.0008
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42.6152
42.0392
41.3506
40.0088
37.6576
34.1609
29.6046
24.3256
18.8800
13.9102
9.8735
6.8088
4.3577
1.990S
-0.7713
-4.2371
-8.4949
-13.3%47
~18.5366
-23.2870
-26.9393
~29.0292
-29.5631
~28.9604
~27.8148
~26.6874
~25.9946
~25.9503
~26.5230
~27.4115
~28.0930
~28.0068
~26.8518
~24.7688
~22.2388
~19.8411
~18.0651
~17.218C
~17.3775
~18.3560
~19.6876
~2C.7090
~20.793C
-19.6362
~17.3863
~14.517¢C
~11.5943
-9.1017
-7.3432
~6.3825
-6.0057
~5.7309
~4.9269
-3.079¢6
-0.3716
3.7682
7.8491
11.5430
14.3416
15.9387
16.2769
15.5835
14.3659
13.2883
12.8914
13.3147
14.2689
15.2560
15.7931
15.5239
14.2814
12.1372
9.4373
6.7828
4.8775
4.2268
4.8822
6.4577
8.3627
10.0320
11.0425
11.1454
10.3159
8.8168
T.1854
6.0595
5.8691
6.6194
7.9472
9.3391
10.3103
10.5039

fr-er)-10°
0.0002
0.0005
0.0006
0.0000
0.0000
0.0003
-0.0001
-0.0003
0.0001
-0.0005
-0.0005
-0.0003
0.0001
0.0002
-0.0003
0.0006
-0.0001
-0.0004
0.0002
0.0001
~0.0006
0.C005
-0.0001
0.0002
0.0002
0.0003
0.0001
~0.0004
0.0004
~0.0005
=-0.0005
-0.0001
~0.0001
~0.0003
0.0002
~0.0003
~0.0004
0.0u01
~0.0001
0.0004
~0.0004
~0.0001
0.0003
~0.0003
0.0002
~0.0002
0.0002
~0.0003
0.0000
0.0001
~0.0005
0.0002
~0.0005
~-0.0002
0.0005
~0.0003
0.0V06
~0.0012
0.0004
0.0000
~0.0001
~0.0004
0.0006
0.0003
0.0002
0.0005
0.0000
0.0007
~0.0006
~0.0001
~0.0001
0.0002
0.0002
0.0006
0.0003
-0.0002
~0.0005
~0.0003
0.0004
~0.0001
0.0002
~0.0006
0.0005
~0.0000
-0.0004
0.0001
0.0007
-0.0003
~0.0002
-0.0002
-0.0002
-0.0001

(-Br)- 108
0.0005
-0.0003
-0.0000
-0.0001
0.0002
-0.0001
0.uC06
0.0003
-0.0003
0.0003
0.0005
0.0001
-0.0004
0.0002
-0.0003
0.0003
-0.0006
-0.0000
0.0003
0.0002
-0.0003
-0.0002
-0.0001
-0.0000
0.0000
-0.0001
0.0007
-0.0003
0.0004
0.0003
0.0007
-0.0000
-0.0000
-0.0004
0.0001
0.0003
-0.0005
0.0002
~0.0001
0.0002
0.0002
-0.0007
0.0002
-0.0002
-0.0003
0.0001
0.0001
-0.0003
0.0005
0.0006
-0.0003
0.0003
0.0001
0.0002
0.0003
-0.0000
-0.0000
0.0004
-0.,0009
-0.0001
-0.0001
0.0003
-0.0003
0.0001
-0.0006
0.0000
-0.0002
0.0003
0.0002
-0.0008
-0.0003
-0.0002
0.0003
-0.0003
-0.0001
-0.0001
0.0001
-0.0002
0.0008
0.0001
-0.0000
-0.0003
0.0001
0.0003
-0.0002
0.0005
-0.0006
0.0001
-0.0007
0.0003
=0.0001
-0.0000

(r-74)-10¢
-0.0010
0.0004
-0.0002
~0.0001
-0.000%
6.u001
-0.0001
0.0005
0.0001
0.v000
0.0002
0.0005
-0.0004
-0.0000
-0.0002
-0.06003
0.0007
0.0002
0.0001
0.0003
0.0002
-0.0001
-0.06000
-0.0001
0.0003
0.0001
0.0004
0.0001
0.0001
-0.0003
0.0006
-0.0003
-0.0002
0.0002
-0.0001
-0.0000
~0.0002
-0.06001
0.0001
-0.0002
-0.0003
-0.0003
0.0000
-0.0002
-0.0002
0.0001
-0.0001
0.0001
-0.0001
-0.0002
0.0002
-0.0003
-0.0007
-0.0003
0.0002
0.0001
-0.0005
-0.0001
0.0001
-0-0004
-0.0006
~0.0001
0.0003
0.0003
0.0003
6.0003
0.0004
0.0002
0.0001
0.0002
~0.0002
0.0001
0.0003
-0.0001
-0.0003
-0.0004
0.0001
0.0002
-0.0003
0.0004
0.0002
-0.0005
0.0001
-0.0001
~0.0004
-0.0001
-0.0002
=0.0004
-0.0002
-0.0002
-0.0001
0.0001



Table C-3 (Continued)

Julian Day ar10¢ B- 10 7 10% ap-10% By 10¢ ¥y 108 (a-ag)- 10¢ (B-By)- 108 (1) 10%

241520045 953.1624 -21.6277 9.7536 953.1625 ~21.6268 9.7533 -0.0001 -0.0009 0.0003

2415600.5 887.6847 36.1409 4.1307 887.884C 96.1407 8.1308 0.0006 0.0002 -0.c001

24161.00.5 761.2878 193.25¢€6 5.9852 761.2883 193.2859 5.9852 ~0.0004 0.0006 0.0200

2416400.5 596.6590 240.8741 3.9197 596.,6981 240.8744 3.9195 0.0010 ~0.0003 0.c002

‘ 2416800.5 430, 4664 221.6535 2.59C3 430.4664 221.6542 2.5904 0.0000 -0.0007 -0.9001
¥ 2417:00.5 299.9925 141.2039 2.3855 279.9922 141.2043 2.3859 0.0005 -0.3905 ~0.2004
;| 2417€00.5 228.7261 25.8932 3.2614 228.7264 25.8933 3.2412 -0.0003 -0.0001 0.0002
: 2418.00.5 220.2414 -90.4616 4.7415 220.2418 -90.4618 4.7414 -0.0004 0.0002 0.0001
2418400.5 262.9696  -178.4055 6.3586 262.9693  -178.8048 6.3585 0.0003 -0.0007 0.0001

2418500.5 337.5519 -219.821 7.6373 337.5515  -219.8213 7.6367 0.0000 0.0003 U.3006

241920045 421.3936  -204.3599 8.2833 421.3935  -204.3604 8.2831 -0.0003 0.2005 0.00602

: 2419600.5 490.4526  -133.2988 8.2116 49C.4532  =-133.2993 8.2119 -0.0006 0.2006 -0.0003
- 2420000.5 520.8743 ~18.5019 7.5739 520.8735 -18.5012 7.5741 0.0008 ~0.2008 -0.0002
: 2420400.5 493.895%5 116.0911 6.7636 493.8956 116.290> 6.7642 ~0.0901 0.0006 -0.0006
% 2420800.5 405.3230 236.1135 6.3481 405.3226 236.1145 6.3483 0.0004 -0.0011 ~0.0001
vﬂ 2421200.5 272.4620 305.6370 6.8561 272.4623 305.6371 6.8558 -0.0003 -0.0001 0.0003
2421600.5 129.1776 303.1733 8.4861 129.177¢ 303,1732 8.4862 -0.0002 0.0002 ~0.0000

K 2422300.5 11.1339 231.7159 10.9785 11.1033 231.7162 10.9784 0.0006 -0.0003 0.0001
- 2422400.5 ~57.2193 113.9433 13.7591 ~57.280C 113.9435 13.7591 6.9007 -0.0003 -0.0000
- 242280045 -66.1826 -19.3738 16.1912 ~66.1826 -19.3734 16.1909 0.0000 -0.0004 0.u003
. 2423200.5 -17.7612  -137.9720 17.7505 -17.7612 -137.9719 17.7497 -0.0900 -0.0001 0.0509
2423600.5 77.1934  -216.0826 18,1116 17.1935  -216.0827 18.1114 -0.0002 0.0001 0.0002

24240045 200.7245  -234.5695 17.1962 20C0.7244  ~234.5694 17.1967 0.0000 -0.0001 ~0.0005

2424400.5 327.9773 -1H4.0271 15.2042 327.9779  =-1B4.0273 15.2043 -0.0005 0.0002 -0.0001

2424800.5 429.5279 -69.7696 12.6134 429.0275 -69.7698 12.6135 0.0004 0.2002 -0.0002

2425200.5 476.1925 84.3324 10.5809 47641927 44.3327 10.0813 -0.0002 ~0.0003 ~0.0004

2425600.5 457.2922 239.8171 8.1945 457.2814 239.8170 8.1943 0.0008 0.0001 0.1002

2426000.5 384.2320 357.5822 7.1928 384.232¢ 357.5624 7.1926 0.0001 -0.0002 0.0002

2426400.5 286.2353 413.6849 6.8797 286.235¢ 413,6855 6.8796 -0.0003 -0.0006 0.0001

2426P00.5 195.2502 405.2266 6.7832 195.2504 40542265 6.7831 -0.0002 0.0001 0.0001

242720045 136.4795 345.3869 6.3930 136.4799 345.3897 6.3928 -0.0004 0.0002 0.0002

2427600.5 125.8907 25640444 5.3179 125.8904 25642442 5.3175 0.0003 0.0002 V.J003

2428000.5 176.7269 162.9194 3.3576 170.7276 162.9195 3.3577 -0.0007 ~0.000u -0.0001

2428400.5 269.4574 92,9585 0.5437 269.4572 92.9587 0.5440 0.0002 -0.0002 -0.0003

24286800.5 409.3967 71.2386 ~2.8328 409.897¢C 71.2381 -2.8327 -0.0002 0.0005 -0.J001

2429200.5 567.0271 114.7862 -6.2317 567.0066 114.7862 -6.232) 0.0003 0.0001 0.9003

2429€00.5 704.9621 223.4982 -8.9911 704.9619 223.4874 -8.9914 0.0002 0.0008 0.0003

2430200.5 788.1367 375.0701 ~10.6056 788.1363 375.0702 -10.6052 -0.0002 -0.0001 -0.0003

2430400.5 797.232) 533.0551 -10.9755 797.232¢ 533.0549 ~10.9795 0.0001 0.0003 -0.2001

2430800.5 737.3057 662.6881 -10.4310 737.3058 662.6884 -10.4313 -0.0009 -0.0003 0.0002

2431200.5 630.7497 741.2892 ~9.4895 £30.7497 741.2895 ~9.4896 0.0000 -0.0003 0.3001

2431600.5 505.4701 160.0717 -8.6939 505.4702 760.0718 -8.6942 -0.0002 -0.0001 0.0003

2432200.5 385.1398 721.6746 -8.4747 388.1397 721.6744 -8.4751 0.0201 0.0002 0.00U3

2432400.5 302.u04u 637.6716 -9.5879 302.0048 637.6713 -9.0878 -0.0008 0.0003 -0.4001

2432600.5 265.6514 527.6069 -10.5631 265.6512 527.6068 -10.5630 0.0202 0.0001 -0.0002

2433200.5 289.4791 418.345¢C -12.6612 285.8785 418.3454 ~12.6613 0.0302 ~0.0004 0.0001

2433600.5 371.8622 340.5424 -14.8802 371.8625 340.5423 -14.8801 -0.0003 0.0002 -0.000)

2434.500.5 490.1894 319.1400 ~16.5995 490.1885 319.1402 -16.5995 0.0005 -0.0002 ~0.0002

2434400.5 608.5462 360.8621 ~17.3779 608.546¢ 360.9621 -17.3783 0.0702 0.0000 0.0004

2434800.5 650.0621 449.8515 -17.2013 690.0618 449.8516 -17.2014 0.0J03 ~0.0001 0.0001

2435200.5 711.7135 557.2596 ~16.4491 711.7132 557.2594 -16.4489 0.0003 0.0002 ~0.0002

2435600.5 669.5860 654.7049 -15.6579 669.5861 654.7044 -15.6581 -0.0001 0.0005 0.2002

2436000.5 575.3541 720.0798 ~15.3231 575.3547 720.0793 -15.323) -0.0306 0.0000 -0.05009

2436400.5 448.9301 737.9065 -15.7966 448.9296 737.9072 -15.7964 0.0005 ~0.0006 ~0.0002

2436£00.5 313.9153 699.7590 -17.2277 313.9151 699.7691 -17.2276 0.0002 ~0.0009 -0.0002

2437200.5 196.3313 605.8421 -19.5137 196.3315 605.842) -19.5134 -0.0002 0.5001 ~0.0003

2437600.5 122.6854 467.5896 -22.2647 122.6857 467.5902 -22.2647 -0.0003 -0.0005 ~0.U00

243BC00.5 113.7752 309.7554 -24.8397 113.7753 309.7556 ~24.8398 -0.0001 -0.9002 0.0001

243840045 174.4441 166.6939 -26.5284 174.4443 166.6942 ~26.5284 -0.0001 -0.2003 -0.0000

2438800.5 287.1774 7C. 1136 -26.8620 287.177¢ 70,1133 -26.8620 ~0.9902 -0.0002 -0.0003

2439200.5 418.4331 35.4773 -25.8291 418.433€ 35.4774 -25.8291 -0.0005 ~0.0000 0.0000

2439600.5 533.2490 58.5255 -23.8075 533.2486 58.5253 -23.8075 0.0004 0.0002 0.J009

2440C00.5 605.5168 122.2054 ~21.3235 605.5171 122.2055 -21.3229 -0.0003 -0.0002 -0.00U6

2440400.5 620.7693 205.5955 -18.8420 620.7689 205.5955 -18.8421 0.0004 0.0009 0.5001

2440800.5 576.7113 28845515 -16.6881 576.7L1¢ 288.5517 -16.6886 -0.1003 ~0.0003 0.0005

244120045 482.8338 351.4418 -15.0208 482.8335 351.4407 -15.0205 0.0003 0.0003 -0.0003

2441600.5 358.3738 375.5102 -13.7805 358.3736 375.5101 -13.7806 0.0002 0.0001 9.0001

2442000.5 231.1255 347.5555 -12.6498 231.1254 347.5544 -12.6502 6.0000 0.0011 0.0003

2442400.5 134.5150 267.4694 -11.0949 134.5150 267.4696 ~11.0940 0.0000 -0.0002 -0.u009

2442800.5 97.9299 153.8967 -8.5659 97.93C2 153.8969 -8.5656 -0.0003 -0.0002 -0.0003

2443200.5 133.2454 40.2894 -4.8140 133.2453 40.2893 -4.8139 0.0001 0.0001 -0.0000

2443€00.5 229.4366 ~39.1958 ~0.0477 229.4368 -39.1955 -0.0476 -0.0002 -0.0003 ~0.0001

2444300.5 360.2528 -62.7066 5.1807 360.2524 ~62.7064 5.1810 0.0004 -0.0002 ~0.0003

2444400.5 495.8241 -24.1543 10.2277 495.8248 -24.1549 10.2279 ~0.0007 0.0006 -0.0002

2444800.5 609.4637 70.0206 14.5547 €09.4635 70.0207 14.5549 0.0003 -0.0001 ~0.0003

2445200.5 679.5465 205.0802 17.8293 679.5465 205.0799 17.8294 -0.0009 0.0002 -0.0001

‘ 244560045 690.7821 360.8169 19.9626 690.7825 360.8166 19.9625 ~0.0004 0.0003 0.0001
‘ 2446C00.5 638.0471 512.4504 21.1240 638.0465 512.4508 21.1238 0.0005 -0.0004 0.0002
244640045 530.7256 63143499 21.7572 530.7257 631.3494 21.7576 -0.0001 0.0005 -0.0003

2446800.5 393.8094 691.7297 22,5242 393.8G94 691.7297 22.5245 0.0001 0.0000 -0.0002

26447200.5 263.1028 683.5728 24.0598 263.1029 683.5724 24.0594 -0.0002 0.0004 0.9004

2447600.5 172.2628 620.9469 26.6426 172.2629 620.9472 2646428 -0.0001 -0.0003 -0.0003

. 2448C00.5 139.1553 536.0496 30.0663 139.155¢C 536.0496 30.0664 0.0003 -0.2000 -0.u001
= 2448400.5 162.5774 464.2485 33.7960 162.5773 464.2487 33.7956 0.0001 ~0.0002 0.0004
f 2448800.5 228.2669 432.8834 37.2371 228.2669 432.8831 37.2371 -0.0001 0.0003 -0.0000
: 2449200.5 315.8718 457.8180 39.9236 315.872C 457.8178 39.9233 -0.0002 0.0002 0.0003
e 2449600.5 40247390 543.9065 41.5933 402.7392 543.9064 41.5936 -0.0002 0.0002 -0.0003
" 2450000.5 465.3989 685.4667 42.2290 465.3985 685.4662 42.2290 0.0004 0.0005 -0.4002
2450400.5 4B1.6447 865.6502 42.0740 481.6444 865.6508 42.0738 0.0003 -0.0005 0.0002

2450600.5 436.5356  1056.02C9 41.6260 436.5351  1056.0210 41.6261 0.0005 -0.0001 -0.0001

2451200.5 331.9122  1219.3529 41,5442 331.9117  1219.3526 41.5448 0.0005 0.0003 -0.U006

2451600.5 190.8289  1320.4271 42.4095 190.8287  1320.4269 42.4100 0.0002 0.0002 -0.0004

2452€00.5 49.6977  1342.2695 44.4229 45.6986  1342.2694 44,4230 ~0.0008 0.0001 -0.0002
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Julian Day

2378400.5
237820045
2379200.5
23796005
2380uLUJ.5
2380400.5
2380800.5
2381200.5
2381600.5
2382100.5
2382400.9
2382800.5
2383200.5
2383600.5
2384 .00.5
238440045
2384700.5
2385200.5
2385¢00.5
2386 .0045
238640045
23868C0.5
2387200.5
2387€00.5
238870045
2388400.5
2388300.5
2389:00.9
2389¢00.5
2390.00.5
2390400.5%
2390600,.5
2391200.5
2391¢00.5
2392.00.5
2392400.5
2392450045
2393200.5
2393€00.5
2394 .00.5
2394400.5
2394:00.5
2395700.5
2395€600.5
2396.00.5
2396400.5
2396¢00.5
2397/00.5
2397¢00.5
23987 00.5
2398400.5
2398800.5
2399200.5
2399¢00.5
2400C00.5
2400400.5
2400800.5
2401200.5
2401¢00.5
2402C00.5
2402400.5
2402£00.5
2403°200.5
2403¢00.5
2404200.5
2404400.5
2404800.5
2405200.5
2405600.5
2406C00.5
240640045
2406800.5
240720045
2407600.5
2408.00.5
2408400.5
2408800.5
2409200.5
2409600.5
2410CG0.5
2410400.5
2410800.5
2411200.5
2411¢00.5
24123500.5
2412400.5
2412800.5
2413200.5
2413€00.5
2414500.5
2414400.5
2414800.5

68

a- 106

-639.53373
-557.2615
-455.5562
-357.6764
-283.,3224
~248.643"
-/58.6423
-310.5693
-388.646%
-46€.3667
-515.7711
-520.3743
-481.1324
-412.3211
=334.22C5
-26£.7401
-228.4829
—232.2470
=282.3363
-369. 7460
~471.2446
=596.2649
-6£0.5%94
-535.2325
-546.2133
~467.7253
-376.3566
-3C01.2941
—252.4576
-246..542
—-283.1904
-348.4372
-414,0385
-452.6357
~448,3734
-359.3374
-314.3131
-208.594"
~153.4344
-19.7639
22.0263
11.5254
-44.6816
-123.5103
-196.1173
~24C..348
-244.4201
=209.3405
-143.4449
—62.2878
13.1161
59.6603
59.6591
10.5927
=71.3194
~158.8668
-225.9783
-255,354%6
~238.5294
-178.1166
-84.2058
2443864
122.3245
184.3952
196.72175
164.5432
108.4849
53.7162
21.3686
25.1371
7C.5326
154.2266
262.7918
372.6550
455.0426
487.510°
464.9351
40041339
315.3936
233.8726
175.0121
152.5088
172.4470
23G.4837
309.4799
381.3772
420.7834
411.8583
358.4369
277.8158
189.7824
115.6073

B-10°
-3534.4673
-3528.8501
-3476.4828
-3377.2208
-3238.7CC7
-3377.2640
-2913.8236
-2771. 6666
-2671.4142
-2622.1372
-2614.5253
-2623.8952
-2622.3341
-2589.4967
-2516.2829
-2403.8841
-2262.0612
—-2108.0441
=~1965.0434
-1857.2774
~1874.2658
-18033.9917
-1838.8398
-188L. 78693
-1908.1325
-1901.9621
-1852.7375
—-1764,1709
-1645.5282
-1516,272C
—-1412.3792
-1327,6132
-13¢1.8133
-1315.9124
~-1348.2787
-1374.821%
—-1375.5517
-1337.1812
-1254.2122
-1130.5951

-G81.2997
-831.9598
-711.2109
-638.3197
-614.8328
—-627.)388
-654.219C
~675.4089
-~672.9684
-634.6943
~55%6.4156
—~445.4584
-322.3513
~216.006¢
~151.4737
~138.9942
~172.6107
~235.9092
~308.2112
~368.5564
~398.3669
~384.7C03
~325.091¢
~232.079C
~131.6202

-52.4626

~13.4223

—-18.3785

~-59.0703

~119.9281
~181.6650
~223.7945
~227.9141
~183.3845
-94,2906
18.4531

125.2589

200.9441

232.378¢

218.6054

167.9597

75.5456
21.4669

-31.86€42

-45.5572

-13.1078

53.8238
130.137¢6

189.4452

213.336C

193.9571

133.0798

7-10%

-4.5743
-4.4714
-5.2179
~6.4644
=7.7793
=8, 7425
=9.0267
-8.4807
-7.2281
-5.6976
~4.4815
-4.1433
~4.5147
~5.6959
-7.1981
-8.5731
-9.4075
-9.43C2
—B8.4475
-6.7369
-4,7584
-3.1237
-2.2742
=2.3054
-3.00990
-4..0119
-4.8992
-5.2982
—4.9561
-3.8280
-2.1639
-0.485)
0.6181
0.7805
~0.C05%
-1.4586
-3.1550
—b4.,6442
-5.5317
-5.5626
~4.7157
-3.2781
—1.7931
-0.8251
-0.6848
-1.3297
—2.4573
~3.6504
-4.4838
-4.6079
-3.8325
-2.2208
-0.1491

1.7808

3.CocCs8

3.2338

2.5577

1.2960
~0.1230
~1.2695
~1.7943
~1.5137
~0.5033
0.8532

1.9788

2.3764

1.8624
0.5923
~1.0641
~2.6598
~3.7689
~4.,0661
~3.4115
~1.9454
~0.1180

1.4602

2.3059

2.2658

1.5071

0.3830
~0.6933
-1.3373
-1.2711
-0.4101

1.0451

2.6051

3.6754

3.8436

3.0478

1.5320
-0.2952
-1.9823

Table C-4

Residuals for Neptune.

ﬂT'10°
-639.5331
-557.2917
-455.5062
-357.676C
-283.922%
~248.6432
-258.6425
~310.5691
—3088.6469
-466.3667
=515.7714
=52C.3741
-481.132C
-412.320¢
-334.0205
-266.7395
~228.4824
=232.2471
-282.3067
-369.7462
—471.2443
-55€£.2645
-600.5594
-595.2326
-546.C138
~467.7048
=-379.3563
-301.294%
—252.457C
-2464.0541
-283.1902
—348.4372
=414.0381
-452.6359
—448.3731
-399.337S
-314.3131
-208.9938
—103.4344
~19.7638
22.026°
11.5254
~44.6818
-123.5102
-196.1181
—-240.034¢
-244.4203
—209.3403
-143.4447
~62.2885
13.1155
59.6602
59.6599
10.5921
~71.318¢
-158.866¢
-225.9781
-255.054C
-238.529¢
-178.1167
-84.2063
24.3866
122.3243
184.395%
196.727C
164.5431
108.484¢
53,7162
21.3683
25.136¢
70.5338
154,2267
262.7924
372.6544
455.0426
487.5103
464.9351
400.133%
315.3933
233.8721
175.0124
152.508%
172.4467
230.483%
309.4794
381.9774
420.7832
411.8583
358.4368
217.8163
189.782¢
115.6074

Brr10°
-3534.4676
-3528.8501
-3476.8826
-3377.2213
-3238,7012
-3077.2646
-2913.8036
-2771.6666
—2671.4141
-2622.1373
-2614.5251
-2623.8954
-2622.3337
-2589.4972
~2516.2826
-2403.8842
-2262.0671
-2108.9441
-1965.0432
-1857.9775
-1804.2690
~1803.9915
-1838.3399
-1881.7865
-1908.1308
-1901.0613
-1852.7379
-1764.1705
-1645.5281
-1516.2715
-1402.3705
-1327.61217
-1301.8138
-1315.9127
-1348.2789
-1374.8214
-1375.5575
-1337.1816
-1254.2126
-1130.5553

-981.300)
-831.9598
-711.2104
~638.3199
-614.8324
-627.0384
-654.2181
-675.4091
-672.9687
-634.6944
~556.4194
-445.4585
-322.3526
-216.0067
-151.4731
-138.9937
-172.6108
-235.9088
-308.2115
~368.5562
-398,3667
-384.7013
-325.0976
-232.0789
-131.6205

-52.4628

-13.4222

-18.31794

-59.0697

-119.9282
-181.6655
-223,7950
-227.9139
~183.3845
-94.2902
18.4537

125.2589

200.9445

232.3780

218.6058

167.9592

95.5456
21.4673

-31.8639

-45.5573

-13.1075

53.8240

130.1370

189.4460

213.3356

193.9573

133.0798

7pr 106

~4.5748
~4.4715
~5.2175
~6.4646
~7.7794
~8.7428
~9.0267
~8.4808
-7.2281
~5.6976
~4,4810
-4.0438
~-4,5148
~5.6959
-71.1977
-8.5727
-9.4075
-9.3998
-8.4471
-6.7371
-4.7584
-3.1235
=2.2740
-2.3053
-3.0088
~4.0116
-4.8930
-5.2985
-4.9562
-3.8280
-2.1629
~0+4845

0.6182

0.7801
~0.0056
-1.4587
-3.155¢
—4.6440
-5.5319
-5.5629
-4.7159
-3.2779
-1.7927
-0.8252
-0.6846
-1.3292
-2.4573
~3.6504
~4.4836
-4.6078
-3.8325
-2.2209
-0.1490

l1.7811

3.0007

3.233¢6

2.5574

1.2955
-0.1233
-1.2698
~1.7947
-1.5138
-0.5035

0.8531

1.9789

2.3766

1.8627

0.5926
~1.0637
-2.6595
-3.7691
-4.0662
-3.4113
-1.9454
-0.1180

1.4604

2.3058

2.2658

1.5071

0.3833
-0.6928
-1.3373
-1.2714
-0.4105

1.0451

2.6059

3.6758

3.8432

3.0476

1.5322
~0.2948
-1.9820

(a—ar)’XOS

0.0001
0.0002
-0.0000
-0.0306
0.0005
0.0002
0.0002
-0.0001
0.0001
-0.0000
0.3003
0.0005
-0.0004
-0.0006
-0.0000
-0.0001
-0.0005
0.0002
-0.0002
0.0002
-0.0003
-0.0000
0.0001
0.0001
-0.0001
-0.0005
-0.0003
-0.0001
-0.0006
-0.0001
-0.0002
0.0000
=0.0004
0.0001
-0.0003
-0.0004
0.0001
-0.0002
-0.0000
-0.0001
0.0002
-0.0000
0.0002
-0.0001
0.0001
0.0000
0.0002
-0.0002
-0.0002
0.C007
0.0005
0.0001
-0.0008
0.0005
-0.0008
0.0000
-0.0002
-0.0006
0.0002
0.0001
0.0005
-0.0003
0.0002
-0.0007
0.0005
0.0001
0.0003
0.0000
0.0003
0.0005
-0.0012
-0.0001
-0.0005
0.0006
0.0000
-0.0003
-0.0001
-0.0000
0.0003
-0.0001
-0.0002
-0.0000
0.0004
-0.0003
0.0004
-0.0001
0.0001
-0.0000
0.0001
~0.0005
-0.0002
-0.0000

(B-81)- 108

0.0003
0.0001
~-0.0002
0.0092
0.0005
0.0006
0.0001
~0.0001
~0.0000
0.0000
~0.0001
0.0002
~0.0004
0.0005
~0.0003
0.0001
~0.0001
~0.0000
~0.0001
0.0002
~0.0007
~0.0002
0.0002
~0.0003
0.0002
~0.0008
0.0004
-0.0004
-0.0001
~0.0005
0.0004
-0.0004
0.0006
0.0003
0.0001
-0.000¢
=0.0002
0.0004
0.0003
0.0002
0.0003
-0.0000C
-0.0004
0.0001
-0.0004
-0.0003
-0.0009
0.0003
0.0003
0.0002
-0.0001
0.0002
0.0013
0.0001
-0.0006
-0.0005
0.0001
~0.0004
0.0003
-0.0004
-0.0001
0.300%
0.0000
-0.0001
0.0003
0.0002
0.0002
0.0008
-0.0006
0.0001
0.0005
0.0005
-0.0002
0.0001
-0.0004
-0.0006
-0.0000
-0.0004
0.0006
-0.0004
0.0005
~0.0000
-0.0004
-0.0002
0.0001
-0.0002
-0.0002
0.0006
-0.0008
0.0005
-0.0001
-0.0000

(>=74)- 108

0.0004
0.0001
-0.0004
0.0002
0.000L
0.u003
0.0001
0.0001
-0.0000
=-0.0000
-0.2005
0.0005
0.0001
-0.0001
~0.0004
-0.0004
-0.0001
-0.0003
~0.0004
0.0001
-0.0002
-0.u002
-0.0002
-0.0000
-0.3002
-0.0003
-0.0002
0.0002
0.0001
-0.0001
-0.0001
-0.0005
-0.0001
0.0004
0.0001
0.0001
0.0000
-0.3001
0.0002
0.0004
0.0002
-0.0003
-0.0004
0.0001
-0.0002
-0.0005
-0.0000
-0.0000
-0.0002
-0.0001
-0.0000
0.0001
-0.0001
-0.0003
0.0002
0.0002
0.0003
0.0005
0.0003
0.0003
0.0004
0.0002
0.0002
0.0001
-0.0002
-0.0002
-0.0003
-0.0003
-0.0004
-0.0004
0.0002
0.0001
-0.0003
0.0000
-0.0000
-0.0001
0.0001
0.0000
0.0000
-0.0003
~0.0005
0.0000
0.0003
0.0004
0.0000
-0.06008
~0.0004
0.0004
0.0002
-0.0001
~0.0004
-0.0003



Fl
Table C-4 (Continued)

Julian Day a- 109 B-108 y-10¢ L Br-108 77+ 108 (aver)-10° (B-Br)- 108 (7_71‘)'106

2415200.5 73.3402 45,6280 -3.1211 73.3405 40,8287 -3.1212 ~0.0004 -0.0000 0.0001

2415600.5 75.6669  -65.3368 -3.4271 75.6672  -65.0372 -3.4273 -0.0002 0.0003 0.0003

2416000.5  125.9840  ~16C.6429 -2.833y  125.9843  -160.6430 -2.8334 -0.0003 0.0002 0.0004

2416400.5  213.5981  -221.0459 -1.5748  213.8974 -221.0858 -1.5748 0.0007 ~0.0001 0.0001

2416400.5  314.7803  -230.1830 -0.1667  314.780C  -230.1832 ~b.1662 0.0003 0.0002 -0.0005

2417200.5  358.2814  -189.4528 0-6126  398.2801 -189.4527 0.8130 0.0013 -0.0000 -0.0004

2417600.5  441.881C  -117.4G95 1.0033  441.8811  -117.4095 1.5036 -0.0002 ~0.0000 ~0.6002

2418000.5  438.703)  =39.5103 0.3956  438.703.  -39.510) 0.3959 0.0000 -0.0003 -0.0003

] 2418400.5  395.9501 21.7894 -0.7431  395.899% 21.7892 -0.7434 0.0002 0.0002 0.0003
j 2418400.5  328.5705 51.5795 -2.0116 328.9702 51.5799 -2.0119 0.0002 -0.0003 0.0003
| 2419200.5  257..182 43,3838 -2.9864  257.0181 43,3833 -2.9861 -0.0001 0.0005 -0.0003
: 2419600.5  159.4130 -0.7187 -3.3041  195.813¢ -0.7189 -3.3036 -0.0009 0.0002 -0.0005
i 2420000.6  175.0263  -69.4976 -2.7441  175.0267  -69.4974 -2.7444 -0.0004 -0.0002 -0.0003
[ 2420400.5  193.7311  -~142.4703 -1.3256  193.7315  -142.470) -1.3262 ~0.0008 -0.0003 0.0003
] 2420800.5  254.1724  -193.3288 0.6261  254.171S  -193.3291 0.6257 0.0005 0.0002 0.0005
i 2421200.5  338.1597  ~199.4227 2.5316  338.1595 -199.4227 2.5314 0.0002 -0.0001 0.0002
2421600.5  416.2655  -153.1748 3.8005  416.5650 -153.1748 3.8003 0.0008 -0.0000 0.0002

2422.00.5  462.38l1  -65.5460 4.1059  462.38l1  -65.5460 4.106U 0.0000 ~0.0001 -0.0001

2422400.5  460.9322 41,0473 3.4798  460.9021 41,0478 3.4802 0.0001 -0.0004 -0.0003

2422400.5  411.4128  142.4115 2.2185  411.4129  142.4113 2.2198 -0.0001 0.0005 -0.0000

. 2423200.5  323.4121  218.4426 0.74C4  323.8125  218.4425 0.7402 ~0.C004 0.0002 0.0002
! 2423600.5  214.7724  255.4743 ~0.5225  214.7724  255.4738 -0.5229 ~0.0001 0.0004 0.9003
2424000.5  155.0272  247.6348 -1.2041  135.0274  247.6351 ~1.2042 ~0.0003 -0.0003 0.4001

2424400, 5 L6.8418  196.7371 ~1.0873 16.8415  198.737J -1.0869 0.6002 a.7001 -0.0005

2424800.5  -30.4666  124.2294 -0.1999  -30.4663  124.2295 -0.1997 -0.0002 -0.0001 -0.0002

2425200.5  -27.9742 50.1097 L.l2le  -27.9747 50.1093 1.1211 0.0005 0.2004 0.0003

2425600.5 16.0425 4.808/ 2.3133 16,5431 4.8085 2.3132 -0.0007 0.0002 0.0001

2426(00.5 77.64843 6.2465 2.5463 17,6845 6.2465 2.8467 -0.9002 -0.0003 -0.0004

2426400.5  128.7039 54.2983 2.4819  128.7038 54.2981 2.4824 0.0000 0.002 -0.0005

2426800.5  las.1126  l34.le82 1.3306  148.1127  134.1694 1.3305 -0.0001 -0.0012 0.0000

2427000.5  126.12764  226.7329 -C.2630  126.7275  224.7834 -0.2633 -0.0001 -0.0005 0.0003

242760045 66.2573  305.1752 ~1.5605 66,2577 305.1760 -1.8602 0.6002 ~0.0008 ~0.0003

2428000.5  -22.4S94  357.716l -3.03CL -22.9993  357.7159 -3.029 -0.3001 0.0002 ~0.2005

2428400.5 -123.5427  370.2555 -3.4268  -123.9422  370.2559 ~3.4266 -0.0005 -0.0003 -0.0062

2428800.5 -214.3€95 339,997 -2.5764  -214.3697  339.0998 -2.8765 0.0002 -0.0001 0.0009

2429200.5 -270.7633  272.85C3 ~1.4710  ~270.7640  272.4502 -1.4712 0.0002 0.0001 0.0002

2429600.5 -276.1934 194,057} 0.3838  -276.1935  194.0575 0.3841 0.0005 -0.0002 ~0.0003

2430000.5  -229.7218  133.3499 2.0840  -229.721%  133.3895 2.0844 ~0.0003 0.0003 -0.0004

2430400.5 -148.7970  116.4123 3,103 -148.7975  116.4123 3.1029 0.0005 0.0000 0.00ul

2430800.5  -6C.6712  152.9427 3.2271  -60.670¢  152.9429 3.2212 -0.0005 -0.0002 -0.0001

2431200.5 S.3151  236.6942 2.5803 9.3153  236.5948 2.5803 -0.0001 ~0.0006 0.0000

2431600.5 44,1735 351.4346 1.4949 44,1934 351.4347 1.4948 0.0001 -0.0001 0.0001

2432000.5 36.€222  476.7183 0.3784 36.6223  476.9185 0.3786 -0.0001 -0.0002 -0.0002

2432400.5  -1l.6286  592.4382 -0.3772  -11.6284  592.4378 -0.3772 -0.0002 0-0004 0.0000

2432800.5  -90.03C1  679.3567 -0.4710  ~-90.0295  679.3569 -0.4710 -0.0006 ~0.0002 -0.0001

2433200.5 -179.6246  724.7852 U.2226  -179.6246  T24.7849 0.2233 0.0000 0.0003 ~0.0007

2433€00.5 -255.4665  727.1392 1.5598  -255.466C  727.1392 1.5602 -0.0005 ~0.0000 -0.u004

2434000.5 -~294.1C73  700.7613 3.0948  -294.1078  700.7609 3.0946 0.0005 0.0004 0.0002

| 2434400.5 -204.7867  673.1618 4.2314  -284.7871  673.1616 4.2312 0.0004 0.0002 0.0002
¥ 2434800.5 -235.4932  672.8723 4.5126  -235.4933  672.8720 4.5124 0.0001 0.0002 0.0003
i 2435200.5 -167.7709  716.94G3 3.8204 -167.77CT  716.9399 3.8202 -0.0003 0.0004 0.0002
2435600.5 -106.1588  807.2151 2.3601 -106.1551  807.2154 2.3602 0.0003 -0.0003 -0.0001

‘ 2436000.5  -70.7730  933.8472 0.5243  ~70.7728  933.8464 0.5243 -0.0002 0.0008 0.0000
‘ 2436400.5  -74.4902  10K0.C66L -1.2388  -74.4904  1080.066) -1.2391 0.0002 0.000y 0.0003
2436800.5  -122.v678  1225.5127 ~2.5143  -122.0675  1225.5127 ~2.5143 -0.0003 -0.000u -0.0001

2437200.5 -209.1143  1348.6505 -2.9939  -209.1145  1348.6508 -2.9938 0.0002 -0.0003 -0.0001

2437¢00.5  -320.8454  1430.4105 ~2.5685  -320.8465  1430.4104 -2.5689 0.0012 0.0002 0.0004

; 2438C00.5 -432.6891  1460.0638 -1.4219  ~432.6B88  1460.6635 -1.4219 -0.0002 0.0002 ~0.5000
2438400.5 -516.4422  1445.3929 -0.C303  -516.4424  1445.3924 -0.0302 0.0003 0.004 ~0.0001

2438500.5  -552.1648  1407.4479 L.Llil  =552.1646  1407.4478 1.0169 -0.0001 0.0001 0.0002

‘ 2439200.5  ~537.4367  1376.6871 1.3089  -537.4366  1376.6869 1.3090 ~0.0002 0.0002 -0.0001
! 2439600.5  -486.3123  1376.8224 0.7806  -486.3125 1376.8223 0.7801 0.0002 0.3000 0.0004
i 2440000.5  -419.3146  1418.8868 -0.3369  -419.3146  1418.8873 -0.3372 0.9000 -0.0005 0.0003
2440400.5  -358.8456  1501.9152 -1.6534  -358.8459  1501.9191 -1.6532 0.0003 0.0001 ~0.0002

, 2640800.5  —322.2665  1616.072¢ -2.7434  -322.2664  1616.0717 -2.7440 -0.0001 0.0003 0.0006
i 2441200.5 -321.4146  1745.1485 -3.2378  -321.4149  1745.1483 -3.2378 0.0203 0.0002 ~0.0000
¥ 2441600.5 -360.1434  1868.4761 ~2.8910  -360.1432  1868.476. -2.8906 -0.0003 0.0001 ~0.0004
s 2442000.5 —431.4343  1963.9368 -1.6766  -431.4353  1963.9365 -1.6768 0.0005 0.0003 0.0002
' 2442400.5  -515.7699  2014.47C9 0.1290  -515.7700  2014.4710 0.1293 0.0000 -0.0001 -0.0003
‘ 2442800.5 -585.0437  2017.1509 1.9792  -585.0441  2017.1509 1.9792 0.0005 0.0001 -0.0000
‘ 2443200.5 ~613.9684  1987.6330 3.2641  -613.9679  1987.6331 3.2641 -0.0005 -0.0001 ~0.u001
‘ 2443600.5 -591.7499  1953.5376 3.6027  -591.7505  1953.5375 3.6037 0.0006 0.0001 -0.0003
2446000.5  -524.5713  1941.7739 2.9735  -524.5705  1941.7740 2.9738 ~0.0004 -0.0001 0.0001

“ 2444400.5  -429.7012  1969.9774 1.6431  -429.7016  1969.9778 1.6433 0.0005 -0.0003 0.0001
2444800.5 -328.5l66  2044.6344 0.4220  ~328.516€  2044.6344 0.0222 0.0002 -0.0001 -0.0001

2445200.5 -242.0383  2162.3654 -1.4502  -242.03B2  2162.3657 -1.4503 -0.0001 -0.0003 0.0001

2445600.5 -188.2764  2311.3563 -2.3934  -188.276C  2311.3566 ~2,3936 ~0.0004 -0.0003 0.9001

2446000.5 ~179.1586  2472.3518 -2.5638 -179.3584 2472.3514 -2.5636 -0.0001 0.0004 -0.0002

2446400.5 -217.2992  2620.671C -1.9449  -217.2981 2620.6714 -1.9449 ~0.0005 -0.0004 -6.0001

2446800.5 -289,8813  2732.0125 -0.8238  -289.8811  2732.0125 -0.8235 -0.0002 0.0001 -0.0003

2447200.5 -371.5489  2792.6414 0.2623  ~371.5487 2792.6413 0.2622 -0.0002 0.0001 0.0001

i 2447€00.5 -433.1363  2807.5007 0.7555  -433.1362  2807.5003 0.7559 ~0.0001 0.0004 -0.0004
, 2448000.5 -455.0590  2797.6909 0.3592  -455,0585  2797.6912 0.3588 ~0.0001 -0.0003 0.0004
i 2448400.5 ~-433.4572  2789.4727 -0.8736  ~433.4577  2789.4728 -0.8736 0.0005 -0.0001 0.0009
2448800.5 ~377.4559  2804.5822 -2.6248  -317.4556  2804.5820 -2.6249 -0.0003 0.0002 0.0001

| 2449200.5 -303.5271  2856.2364 -4.4615 -303.5272  2856.2362 ~4.4618 0.0000 0.0002 0.0004
2449600.5 -231.2527  2948.6402 -5.9457 -231.2529  2948.6403 -5.9458 0.0002 ~0.0001 0.0001

| 2450000.5 -180.5978  3077.0687 -6.7144  -180.5983  3077.0651 -6.7139 0.0004 -0.0004 -0.0004
2450400.5 -168.9176  3227.5182 -6.5603  -168.9178  3227.5181 ~6.5602 0.0002 0.0001 ~0.0000

2450800.5 ~205.9215  3377.1343 -5.5286  ~205.9216  3377.1343 -5.5283 0.0001 0.0000 -0.0003

; 2451200.5 -247.2519  3498.5629 -3.9723  -287.2516  3498.5631 -3.9716 -0.0003 -0.0003 ~0.0007
{ 2451600.5 -391.9394  3570.2486 -2.47371  -391.9391  3570.2487 ~2.4737 -0.0002 -0.0002 0.0000
i 2452000.5  -489.6030  3587.3712 -1.5909 -489.6033  3587.3713 -1.5907 0.0003 -0.0001 -0.0002
69
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Appendix D

Perturbations of the Five Outer Planets by the Four Inner Ones

These perturbations have been given by Clemence (Reference D-1). They are computed
here in the components «, 38, ¥ for convenience.

The elliptic reference elements are slightly

different, but this is of no consequence owing to the small magnitudes of the coefficients. The
comparisons confirm the present computations.

The reference elements used for the outer planets are those given on page 17. For the in-

ner planets, Newcomb's mean elements for 1900 referred to the ecliptic and mean equinox of 1950

are used. The values are given in Table D-1. The epoch is JD 2415200.5.

Table D-1

Reference Elements of the Inner Planets.

Semi-Major Mean Motion Longitude A ¢ Mean A 1

Planet Axis, a, Eccentricity, e in Degrees of Ascending rg.um(?nt ° Inclination, i can Anomaty

. Perihelion, w at Epoch, g

in a.u. per Day, n Node, £ 0
Mercury | 0.3870 9860 | 0.2056 1421 | 470923 3882 47801 383 285796 508 | 79006 781 | 1209946 538
Venus 0.7233 3162 | 0.0068 2069 | 1.6021 30491 76.202 356 54.659 325 | 3.394 547 | 141.787 773
Earth 1.0000 0022 | 0.0167 5104 | 0.9856 09134 | 353.951 667 | 107.967 350 | 0.006 542 | 176.378 294
Mars 1.5236 8838 | 0.0933 1290 | 0.5240 32950 | 49.318 297 | 285,598 386 | 1.854 119 54,117 372

The angular elements referred to the ecliptic and mean equinox of 1950 are taken from Ref-

erence D-2 with a 180 degree correction to the longitude of the ascending node of the earth. The

values of the masses are taken from Reference D-3.

The equation of motion of the j* planet may be written

where

=l
&

ol
i

ij

d2 ¥,
j

dt 2

the position vector of the j planet with respect to the sun

-l
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= the mass of the Sun

=
|

m, = the mass of the j™ planet
p? = k(M mj) where k is the Gaussian constant

t = the time.

Putting
M = M+m, tm, +my +m,
“1’2 - kz(M’ +m.)
and noticing that
m. m
My T M! +1mj My M+1m.’

4?7, T 4, m, p. T, T, 9, m, s T,

J - Ip) ] + 2 1 1} + J T n 12 1 ij i
] i ¥ —5 " Ky Wrm | T3 T :

dt? ioor3 3 Mtm; |3 r3 3 J Mitmg |, 3 r?

The second term on the right hand side was omitted in the solution in Chebyshev series and is to
be taken into account here. Due to the small values of m_ for i < 4, it is not necessary to consider
terms of second or higher orders. The perturbations are computed using the usual first-order
method with the modified expression for the disturbing force. All terms as large as 0.5 - 107"
radians are given. The time is expressed in centuries of 36525 Julian days.

The coefficients are in units of the sixth decimal of a radian. They are to be multiplied by

T" cos, sin(ig+jg’) where T is the time in centuries, and ¢ and g’ are the mean anomalies of
the disturbed and disturbing planets respectively.
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Perturbations

Table D-2

of Jupiter Due to Mercury.

a-109 3-106 y+108
i j n
cos sin cos sin cos sin
0 01 ~0+0000 O O O 00003 Qe
1 01 -0+0006 ~0.0016 -0.0032 0.0013 ~0+0040 =0+0014
2 01 -0.0000 —0«0000 -0.0000 00000 ~0«0001 ~0.0000
0 00 00003 O Ce Ce ~00003 Q.
1 00 -0+0009 -0.0017 -0.0000 00000 ~0e0000 N0«00N0
2 00 -040001 =-0.0001 -0.0001 00000 ~0«0000 ~00000
-1 -1 0 00001 ~0.0001 0.0001 0.0001 ~0.0000 —0.0000
0 -10 -0.0000 00000 -0.0008 00004 00008 ~0.0010
1 -10 00056 00107 0.0107 -0.0056 00000 00000
2 =10 00003 0.0005 00003 —0.0001 0+0000 0.0000
0 -2 0 -0.0000 00000 040001 040000 00001 -0.0001
1 -2 0 00006 040011 0.0011 -0.0006 —00000 —0.0000
2 -2 0 00000 0.0001 0.0000 =0.0000 ~0«0000 00000
1'=-3 0 040001 00002 0.0002 “0.0001 -0«0000 —0.0000
Table D-3
Perturbations of Jupiter Due to Venus.
a+106 B-108 v-108
i j n
cos sin cos sin cos sin
0 0 1 -0.0001 Oe Oe O 00037 O
1 01 -0.,0018 ~0.0961 ~0.1923 0.0035 ~0+0508 -0.0580
2 01 —0.0000 -040023 ~0.0023 0.0000 -0e0012 ~0.0014
3 01 -0.0000 -040001 ~0.0001 0.0000 =0+0000 -0.0001
0O 00 00122 Qe Oe O ~=0+0002 Oe
1 00 00026 -040016 ~0.0000 0.0000 ~00000 00000
2 00 00002 -0.0001 ~0.0000 -0.0001 0«0001 ~0s0001
-1 -1 0 00002 —0.0000 00000 00002 -00000 0.0000
0 ~-120 —~0«0000 00000 ~0.0221 -0.0112 060125 ~0.0050
1 -10 ~0.1539 03039 0+3039 01539 -00000 00000
2 ~-10 —040075 0e0147 0.0074 0.0037 00000 0,0000
3 -10 =0.0004 0.0008 0.0003 0.0001 00000 0.0000
0 -2 0 -0s0000 ~040000 -0.0001 ~0.0000 00000 =00000
1 -2 0 -040005 040010 0.0010 00005 0«0000 ~0.0000
2 =20 =~0.0001 -0.0000 0.0001 ~0.0000 00000 ~0.0000
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Table D-4

Perturbations of Jupiter Due to Earth.

. -1 6 . 6 . 6
i jon a-10 £ 10 v+ 10
cos sin cos sin cos sin
0 01 -0.0005 Oe Oe Os ~0+0005 Oe
1 01 ~040192 ~0e2325 ~0e4650 0.0383 00075 01093
2 01 -0+0005 -0.0056 -0.0056 00005 00002 00027
3 01 -040000 —0e0002 -0.0001 00000 00000 00001
0 00 060294 Coe O Oe 00002 Oe
1 00 0.0041 ~0.0079 0.,0000 0s00CO 0«0000 ~0.0000
2 00 0.0003 ~0+,0006 =0.0002 ~0.0003 =-00001 0.0000
-1 -1 0 -0.0000 ~0.0003 0.0003 00000 0«0000 ~0+0000
0 -10 -0.0000 00000 ~0.0425 00016 —00004 0.0133
1 -1 0 0.0214 0e5832 0.5828 -0.0214 -00000 ~00000
2 -10 00012 0.0283 0.0141 =0.0004 —-0+0000 ~0+0000
3 -10 0.0001 0.0015 0.0005 00000 ~0e0000 -N«00N0
4 -1 0O Ve0000 040001 00000 00000 —00000 —-0.0000
0 -20 ~0.0000 040000 -0« 0004 0eNOOOD -Ne 0000 N0«0001
1 -2 0 0.0002 040049 0.0049 ~0.,0002 00000 -0.0000
2 -2 0 =040006 00003 0.0001 —0.0004 00000 -00000
3 -2 0 ~0.0001 040000 -0,0000 =040001 00000 ~0«0000
1 -3 0 040000 00001 0.,0001 =0+0000 040000 00000
-3 0 =0.0000 ~0.0001 00000 =0+0000 00000 00000
Table D-5
Perturbations of Jupiter Due to Mars.
. a* 106 B-10° ¥+ 106
i j n
cos sin cos sin cos sin
0o 0 1 UeUOUT Oe O Oe 00024 O
1 01 00279 -0.0296 ~0.0592 -0.0558 —-0.0325 060047
2 01 0.0007 -040007 -0.0007 -0.,0007 -0«0008 0.0001
0O 00 0.0078 O Oe O 00002 Qe
1 0 0 ~-00049 00050 00000 060000 040000 00000
2 00 -040003 0.0002 0.0002 00001 0«0000 -0.0000
-1 -10 0.0001 0.0001 ~-0.,0001 060001 00000 —0.0000
0 -10 ~00001 —0.0000 00043 0«0053 -0e0012 -0.0020
1 -1 0 0e0735 —040597 -0.0592 ~0.0729 -00000 00000
2 -1 0 00034 -0.0016 ~0.0027 =-0.0020 —0«0000 ~0«0000
3 -1 0 00000 00003 -0.0004 —0+0003 ~0e0N0ON “N.0000
4 -1 0 -0.0001 0.0001 ~0.,0001 ~0.0001 00000 -0.0000
5 -1 0 ~0+0001 00001 -0.0001 -0+0001 00000 —0.0000
6 -1 0 0+0000 ~0.0000 00001 00001 ~00000 00000
0 -2 0 -0,0000 -0.0000 0.0002 0.0002 ~0+0001 -0.0001
1 -2 0 0.0034 ~-0.0028 -0.0028 ~040034 00000 00000
2 -2 0 00003 ~0.0008 0.0004 00000 00000 00000
3 -2 0 0.0001 ~0.0001 00000 0.0001 —-0+0000 0.0000
1 -3 0 060002 —0.0002 -0.0002 -0.0002 00000 00000
3 -3 0 -0.0000 -0.0001 0.0001 -0.0000 00000 00000

76



| Table D-6

Perturbations of Saturn Due to Mercury.

a'lOG ,3'106 7.106
i j n
cos sin cos sin cos sin
1 01 —0.0001 -0.0002 ~0.0004 0.0002 —00002 00005
‘ 0 00 040001 Oe 0. Os -0.0002 Oe
1 0 0 -040010 00,0003 0.,0000 00000 00000 00000
2 0 0 =040001 00000 0,0000 00000 —0«0000 ~0.0000
0 -10 00000 -0«0000 0.0001 0.0005 00006 ~0«0005
1 -1 0 060064 -0.,0018 -0.,0018 —0.0064 00000 ~0.0000
2 -1 0 00003 —0.0001 ~0.0000 —0.0002 -00000 00000
0 -2 0 00000 ~0«0000 00000 NeN0N1 Ne0N01 ~N«0000
1 -2 0 00006 —040002 -0.,0002 ~0«0006 -0«0000 00000
1 -3 0 00001 —0.0000 —0.0000 ~0.,0001 —0«0000 00000
Table D-7
Perturbations of Saturn Due to Venus.
: a-108 B-108 v+ 1068
i i j n
cos sin cos sin cos sin
0 01 —0.0000 Qe Oe Qe 00003 (o
1 o 1 ~0.0002 -0.0127 -0.0254 0.,0004 ~00038 0.0073
2 o1 —0.0000 —0.0003 -0.,0003 0.0000 —0«0001 00002
0 00 00036 0. 0. 0. -0.0000 O
1 1 0 0 -0.0002 =0.0006 -0.,0000 00000 00000 00000
! 2 0 0 =0«0000 ~-0«0001 —0.0000 ~N«0N000 —0«0000 —0«0000
D -1 -10 -N40001 -0.0000 0.0000 -n.nnnl —0e000N —0.0000
% 0 -10 00000 0.0000 -0.0094 0.0118 0e 0066 0.0013
9 1 -1 0 Oeléaba 0.1158 0.,1158 =0.1454 0.0000 0.0000
i 2 -1 0 00079 0.0063 0.0031 —0.0039 -0«0000 -0.0000
3 -1 0 00005 00004 0.0001 —0.0002 —~0«0000 =0.0000
1 -2 0 00005 00004 0.0004 —0.0005 -0«0000 ~0+0000
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Table D-8

Perturbations of Saturn Due to Earth.

a'106 13.106 .),.106
i 3 n - T -
cos sin cos sin cos sin
. . . _ . N _
0 ~0«0000 Oe Oe Oe =0e¢0018 Oe
01 -00004 -0.0286 ~0.0573 0.0008 00222 040086
0 -0.0000 ~0.0008 -0.0008 0.0000 00006 0.0002
0 0 00086 Oe Oe O ~0+0000 Oe
0 0 ~00026 —0.0007 0.0000 0eG00C 00000 ~0«0000
0 0 —0+0002 —0.0000 ~0.0000 Ne0000 ~0«0000 00001
-1 0 0.0000 ~0.0001 0. 0001 0.0000 0«0000 -0.0000
-1 0 -0+0000 00000 ~0.0043 00255 00028 00135
-1 0 03137 00528 0.0528 -0e3137 00000 00000
-1 0 0.0170 00029 0.0014 040085 ~0+0000 00000
-1 0 040010 0.0002 0.0001 ~0.0003 =0e0000 00000
-1 0 00001 0+0000 0.0000 -0.0000 -00000 00000
0 -2 0 00000 00000 ~0.0000 N.0002 0«0000 00001
1 -2 0 040026 0.0004 0.0004 ~0.0026 —0«0000 -0.0000
2 =2 0 040002 00000 0.0000 —0.0001 =00000 —0.0000
- ]
Table D-9
Perturbations of Saturn Due to Mars.
a-10° B-106 ¥+108
1 A n I T
cos sin cos sin cos sin
0 01 00001 O Oe Oe ~-0+0002 Oe
1 01 0.0023 ~0.0089 -0.,0177 —0.0046 040023 040052
2 01 00001 ~00002 ~0.0002 —0.0001 00001 00001
0 U 0 Ve 0021 Oe Qe O 0«0000 O
1 0 0 00021 00034 00000 ~0.0000 0«0000 ~0.0000
2 0 0 00001 00003 0.0001 ~0«0001 —0«0000 00000
-1 -1 0 —0«0000 00001 ~0.0001 ~00000 00000 00000
0 =120 -0+0000 -0+0000 0e 0037 -0.0019 —0000] -0.0021
1 -10 -0.0237 —0.0456 -060456 0.0237 -0e¢0000 00000
2 -1 0 -0.0013 ~0.0025 -0.,0012 00007 0+0000 00000
3 -1 0 -0.0001 -0.0002 ~0.0000 00000 00000 00000
0 -2 0 —0.0000 00000 0.0002 ~0.0001 =00000 -0.0001
1 -2 0 ~0.0011 -0.0021 ~0.,0021 040011 00000 -0.0000
2 -2 0 -040001 ~0.0001 ~-0.,0001 0.0000 00000 -~0.0000
1 -3 0 -0.0001 -0.0001 ~-0.0001 0.0001 00000 =0.0000
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cCoOOoOCOo Cc O

O

cOos

-0.0000

0.0000
00000

-0.0000
—-0.0002
-0.0000
-0+0000

—0.0000

cos
_Ou0006

0«0009
—0«0002

-0.0001
00000
0.0716
0.0034
00002

0.0002

Perturbations of Uranus Due to Mercury.

a-108
sin
040001

O.
0.0005

-0.,0000
—0.0033
=0.0002

—0.0003

~0.0001

Table D-10

5.106

cos

040002

Oe
0.0000

0.0002
-~0.0033
-0.0001
-0.0003

~0.0001

Table D-11

sin

0.0001

Oe
—0.0000

~0.0000
040002
00000
0.0000

0.0000

Perturbations of Uranus Due to Venus.

a'lOG
sin
-0.0009

0.
040002

0.0000
-0.0000
-0.0584
-0.0028
~0.0001

-0.0002

ﬁ.loﬁ

cos
-0.0018

O
0.0000

-0.0000

0.0042
-0.0584
-0.0014
-0.0000

~0.0002

sin
0.0012

0.
0.0000

—~0.0001

0.0051
~0.0716
~N0.0017
=0.0001

—0.0002

cos

00000

~0.0001
00000

Ne«0002
—~0«0000
00000
00000

—=00000

cos
00000

=00000
00000

00000
00034
00000
00000
—-0+0000

—0.0000

7'106

sin

00000

O'
-0.0000

-0«0003
~0.0000
—0N«0000

00000

~00000

7.106
sin
00009

Oe
~0.0000

00000
=-0.0025
-0.0000
—0«0000

00000

00000
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Table D-12

Perturbations of Uranus Due to Earth.

a- 108 5106
i 3 n —_
cos sin cos sin cos
1 01 -0.0002 ~000169 -0.0039 0.0004 -0.0001
v 00 Ue0021 Oe O Oe 00000
1 0 0 -0«0005 060018 0.0000 0.0000 —0«000C
2 0 0 ~-0«0000 00001 C.0000 —N.0000 N«0000
-1 -10 —00000 0.0001 =0.0001 ~—0.0000 —00000
0 -1 0 00000 =00000 0.0104 NDe00G2 -0«0010
I -1 0 00589 —0Oel468 ~0e 1468 00589 00000
2 -1 0 0.0028 —0.0069 -0,0035 —0.0C14 N« CN0O0
3 -1 0 0.0001 —0.0004 ~0.0001 —0.0000 00000
0 -2 0 00000 ~Ne0N000O 0e0001 N«0000 -00000
1 -2 0 00005 —0.0012 ~0.0012 —0.0005 —0.0000
2 -2 0 00000 -0.0001 =0.0000 =0«0000 -0e«0000
Table D-13
Perturbations of Uranus Due to Mars,
a.106 ﬁ.loﬁ
i j n e - T
cos sin cos sin cos

1 01 -0.0000 —0.0007 -0,0013 00000 00002
0 00 V0005 Oe O Oe 00001
1 00 0«0018 ~0.0005 -0, 0000 —0.0000 00000
2 0 0O 0.0001 —0.0000 ~0.0000 =0.0000 ~-0«0000
0 -190 -0.0000 0.0000 -0.,0005 -060018 -0«0005
1 -10 -0e¢0247 0.0067 0.0067 060247 0«0000
2 -1 0 -0+0012 00003 0«0002 0.0006 00000
3 -1 0 -0.0001 00000 0.0000 00000 00000
g -2 0 ~0+0000 0.7000 ~-0.,0002N —NeOND1 =0« 0000
1 -2 0 -00011 0.0003 0.0003 0«0011 -0+0000
2 =2 0 -0«0001 040000 0.0000 040000 -0e«0000
1 -3 0 -0+0001 00000 00000 00001 =0«0000
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7.106
sin
~0+0006

Qe
00000
—N0.0000

=0«0000
00019
00000
~0.0000
~0.0000

N«0000
—0+0000

~0+0000
S

sin
0«0002

0.
~0.0000
00000

—00003

0.0000
—0+0000
~—0.0000

-Ne0000
—0+0000
~00000

—0«0000
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Perturbations of Neptune Due to Mercury.

Table D-14

a-108 B-106 y+10%
i §j n
cos sin cos sin cos sin
1 01 -040001 -0.0001 -0.0002 0.0003 -0«0000 00000
0O 00 040000 0. 0. O ~0¢0001 0
1 00 -0.00C3 ~0.0002 -0.0000 NeOONON Ne0NOO N«.0000
0 -1 0 00000 0.0000 -0.0000 0.0000 00002 ~00002
1 -1 0 0e0018 0.0011 0.0011 -0.0018 00000 00000
1 -2 0 000902 0.0001 0.0001 -040002 00000 —0.0000
Table D-15
Perturbations of Neptune Due to Venus.
a'106 ﬁ.loﬁ 7'106
j n
cos sin cos sin cos sin
1 01 00004 ~0+0007 -0.0014 -0.,0008 —00002 0«0000
0 0 0 060004 Qe O Ce —0«0000 Oe
1 0 0 00001 ~0.0002 ~0.0000 NeNNO00O Qe QNOO 00000
0 -1 0 0« 0000 0«0000 ~0.0008 0.0001 00029 ~0.0002
1 -1 0 00055 0.0587 0.0587 ~0+0055 00000 —0.0000
2 -1 ¢ 00000 00005 0+0003 “N«N000 00000 —0«0000
1 -2 0 00000 00002 00002 ~0+0000 =-00000 —0.0000
Table D-16
Perturbations of Neptune Due to Earth.
a.loﬁ 5.106 7.106
i n
cos sin cos sin cos sin
01 -00000 —~040005 -0.0010 0.0001 00000 00003
00 00008 O O Oe —-0«0000 Qe
00 -040006 —0.0011 -0.,0000 0.0000 00000 ~0.0000
-1 0 00000 00000 -0.0011 0.0008 00015 0.0027
-1 0 0+0570 0.0833 0.0833 ~0.0570 00000 00000
-1 0 00005 0+0007 0.0004 —0.0003 00000 00000
-2 0 00005 00007 0.0007 =0«0005 00000 —0«0000
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Table D-17
Perturbations of Neptune Due to Mars,
i j n a-106 L B:10¢ o ¥+106 D
B cos ~_sin cos sin B cos sin

1 01 ~-0+0000 ~0.0000 -0.0000 Ne0NNO —Ns« 0001 Nn.000n1

0O 00 00002 O O, Oe 00000 Oe

1 0 0 ~0e0004 0.0011 0.0000 00000 0e0000 00000

0 -10 00000 =0.0000 0.0002 N«0001 —0+0003 —0+0006

1 -10 00052 ~0s0154 -0.0154 ~0.0052 —0e0C0C 00000

2 -1 0 00000 -0.0001 -0,0001 ~0«0000 —0«0000 00000

1 ~2 0 0.0002 —0.0007 ~0.0007 ~N.0002 0«0000 ~0«0000

1 ~3 0 00000 -040001 ~0.,0001 ~0.0000 00000 ~0.0000

Table D-18
Perturbations of Pluto Due to Mercury.
i 5 on T a-108  p-108 ’ 9108
cos | sin cos sin __cos sin

1 01 0.C001 0.0002 0.C004 ~0.0003 00000 00000

0] o0 ~0+0000 Oe O Ne -0eNNC1 Oe

1 0 0 Ne00N1 0.0002 =0,0000 ~N,O0NNN Qe NONON 0. 00N0

00 0.0001 00001 C.0000 -~ NONAN OeNOOD NeOOND

0 -10 ~ 40000 =-0.,0000 00003 ~NaNNN5 NeNOO0O3 NeONN2

1 -1 0 ~0.0013 -0.0009 ~0.0009 N,0ON13 ~0e0NO0 —NeNNNN

2 -1 0 ~0.0003 -0,0002 -0.0001 00002 0«0000 NaNNO0

3 ~1 0 ~0,0001 -0,0001 -0,0000 0.N0ND 00000 00000

0 =2 0 0«000G0 -0.0000 0.0000 ~NeNCO1 0«0000 Ne 0NN
1 -20 -0.0001 | -0.0001 | =0,0001 | ©0.0001 Ne 0000 ~0.0000

Table D-19
Perturbations of Pluto Due to Venus.
.. w05 [ p1ot " 108 |
J _cos | sin | = cos ) sin | cos | sin ]

0 1 ~0.0001 O. Coe Qe 00000 Oe

1 01 ~0« 0007 00,0005 0.0010 N.0014 ~DeN0ON1 —0.0004

2 1 ~0e«0001 00001 0.0Nn01 NeNONT ~NeNNNN —N.NONN

0O 00 UeC002 Oe [0 Oe -0e0001 Oe.

1 00 -0.0001 00000 00000 =N.0NNN —0«00N00 N«00N0
-3 -1 0 ~0e 0000 NeNNN] -0.00Nn0 ~NeNNNAN —-NeNNONO —Ne3NNN
-2 -1 0 ~0.0001 0.0002 —0.0001 ~(0«0000 —0«0000 00000
-1 -1 0 -0.0003 N.001N -0.Nn01n ~N.NNN3 —0enNNN Ne0NND

0 -10 00000 00000 0.0172 ~0.0005 ~0e0027 NeN109

1 -1 0 -0e0017 ~0e0442 —-Ve 0442 0.0017 ~0e0000C 00000

2 -1 0 -}« 0004 -0.0108 ~0.0054 ND.0002 —0«00N0O N0«00N0

3 -1 0 -0«0001 -0.0030 -0.0010 N.0NN0N ~NeNOOO NeOOOO

4 -1 0 -0.000C =0.0009 ~0.0002 C.0000 0« 0000 =0«0000

5 -1 0 -00000 —0.0003 ~0.0001 00000 ~0«0000 0«0000

6 -1 O -3.0000 -0.0001 =0,0000 NeNNNON —NeQOON NeNONN

0 -2 0 De«0000 N0«0000 00001 ~0«000N =0 0000 00000

1 -2 0 -0+0000 -0.C002 -0.0002 N0.0N0N -0e¢0000 —0«0000
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i j n
0o 01
1 01
2 01
0 00
1 00
2 00
3 00
-3 -1 0
~-2 -1 0
-1 -1 0O
0 ~1 0
1 -1 0
2 -1 0
3 -10
4 -1 9O
5 ~1
6 -1 ¢
0 -2 0
1 -2 0
2 -2 0
i j n
1 01
0O 0 0
1 00
2 00
3 00
-2 -1 0
-1 -1 0
0 -10
1 -10
2 -1 0
3 -10
4 -1 0
5 -1 0
0 -2 0
1 -2 ¢
2 =2 0

|
1

cos

~C«C000
-00001
—0.0000

V0004
0.0007
0.0003
0.0001

~00000
~0.0001
“\’)‘0002
e 0000
-0.0392
~0.0096
~0.0026
-0.,0008
~0+0002
-0.0001

—~0.0000
-0.0003
~0.0001

cos

00000

0.0001
00004
00001
Ne 0000

00001
00002
~Ue 00V
—0«0045
~0.0011
-0+0003
~0+0001
-0 0000

00000
-0.0002
~0.0001

Table D-20

Perturbations of Pluto Due to Earth,

a.loﬁ
sin
Oe

~0«0002
—0.0000

Oe

0.0008
0.,0003
Ns0N0N1

N.0001
00005
00022
0.G000
~Ce0642
~0.0157
—~0e0043
-N.0012
~0.0004
-0.0001

00000
—0«00CH
—0eN001

5.106

cos

O.
-0.0005
~0.0000

O

0.0000
0.0001
0eNNCN

—OOOOOO
-0.0002
-0.0022

Ce0253
-0,0642
~0.0078
~0.0014
-0.0003
-0,0001
-0,0000

0.0002
-0.0005
-0.0001

Table D-21

sin
Qe

NaNNN3
0.0000

O.
—0.0000
-0.0002
N sNNN0N

—0.NN00O
—0.0000
“NeN0N02
~C.N149
0.0392
C.0048
Ne0009
0.,0002
N NNOG
GC.000N

—0.0001
00003
00000

Perturbations of Pluto Due to Mars.

~0.0003
O.
-0.0008

—0.0003
—Ne«NON1

-0.0001
—0.0002
0.0000
0.0113
0.0028
00008
0.0002
0.0001

—0.0000
00005
0.0001

5.106

cos

-0.0005

0.
=0.0C0CN
-0.0001
=N,0n00N0N

0.0000
0.0002
-0.,0044
0.,0113
0.0014
00003
0.0001
0.0000

~0.0002
N 0005

0.0001

sin
—0.0000

O
~Ne.0NNN
—0.N001
“NeNCNON

0.0000
0.0002
—-0.0018
00045
0.0006
0.0001
0.0000
N, 0NN

~0.0001
NeNNN2
00000

COs

00002
_000005
—00001

~0«00053
~NeNNNO
0eNN0O1
NeNOOO

—“NeNNNN
—000CO
NeINON
0e0031
0.0000
0.0000
NeNOOO
~0eNNOQ
NenNNO
Ne0OGN

DeNNNO
~00N0OO
—0. 0000

cos
~NeNNON1

=00004
—NeNNOON
0eNNOO
NeNCNO

=0« NOOO
—0«0000
00022
00000
00000
00000
—00C00
N ONON

00001
~NeNNNN
-0«0000

V'IOG

sin

O
—N.0N1N
~0.0001

Oe

0.0000
~0.0001
—Ne.NNONN

=NeNHONO
—0.0000
NeOON0D
00225
—N.0000
0.0000
00000
~N.000N
Ne.00ONO
NeNNONN

00002
00000
NeDONO

| ]

7.106

s

sin
—0.0003

Oe

Ne.NONO
=~0.0000
~0«0000

~0.0000
-0.0000
~0.0027
0.0000
00000
0+0000
00000
N 0NNO

"0.0001
~Ne.0NNN
—0.0000
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The effects of general relativity on planetary motions are given by de Sitter (Reference D-4).
The corrections are represented with sufficient accuracy by the secular motion of the longitude of
perihelion as applied by Clemence (References D-1 and D-3). Let & be the longitude of perihelion
and 5& the relativistic correction. From page 15 a small change in the argument of perihelion
can be reflected in the integration constant z, by putting

e
z = - Se
2 2 1

1-e

The resulting terms in the perturbation components are

e
Sa = - Swsin €

1-e?

and

e
*55(2coss —7cos26> .

The relativistic motion of the perihelion is given by

5’\' _ 3 n3a2
o o= = .

o2 (l—ezj

where c is the velocity of light which is taken to be 173.29 astronomical units per Julian day based
on the solar parallax (Reference D-5, page 169). A small secular term in 8 will result, but this is
removed by adjusting the constant z,. The re-

Table D-22 sulting change in the constant term of a is too

Relativistic Corrections to the Motions of the Five small to affect the tabular values.
Outer Planets. Entries are the Coefficients of
T sin (ig) in @ and Tecos (ig) in 3. It is of interest to compare the results

T—‘ . 57 with those obtained by Clemence. For this
Planet i a;ig A c'i(s) purpose the perturbations 8x, 8y, 8z have been
B L - computed from the series for «, 3, v due to the
_— 1 -0.0147 -0.0293 inner planets and the relativistic corrections.
upiter 2 -0.0004 -0.0004 The largest differences come in the terms
affected by the constants of integration and the
Satur 1 ~0.0036 -0.0072 1t ot co ted by Cl i
aturn 2 -0.0001 -0.0001 small terms not computed by Clemence.
have chosen the integration constants so as to
Uranus 1 ~0.0005 | -0.0011 eliminate certain terms in the perturbations as
. . s . .
Neptune 1 0. -0.0001 is done in the application of Hansen's method
with mean elements.
Pluto 1 ~0.0005 -0.0010
2 -0.0001 -0.0001 The coefficients are in units of the ninth

decimal of an astronomical unit. They are to
be multiplied by T" cos, sin (ig +jg’') where T

is the time in centuries, g is the mean anomaly of the disturbed planet and g’ is the mean anomaly
of the disturbing planet. Where i, j or n is not tabulated, the value is to be taken as zero. These
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results constitute a confirmation of Clemence's results since, excepting the constants of integra-

tion, the individual differences in the coefficients are much less than 001, Tables D-23 through D-27

contain the terms affected by the constants of integration. There is some innaccuracy in the final

digits of the coefficients for Uranus, Neptune and Pluto computed by the author due to the conversion

from radians to astronomical units.

Computed by

L

Carpenter

Clemence

Carpenter

Clemence

Computed by

Carpenter

Clemence

Carpenter

Clemence

NPFEFO WNHFOCO PLOUNMNMFHFO PLUNHO

Perturbations of Saturn which are Independent
of the Mean Anomalies of the Disturbing Planets.

NHO WNHEO FPLUONHO FPLWUNERO

OO0 COOO HERRHKFEMH B

OO0 OO0 HEMRRMEPE FiKHpRFRR

Table D-23

Perturbations of Jupiter which are Independent
of the Mean Anomalies of the Disturbing Planets.

$x-109
cos sin
756 0
32 213
221 956
16 69
1 5
668 0
-15 29
222 940
16 68
1 4
-12 0
252 -61
4 -17
-1 -2
-52 0
246 -58
12 -3
Table D-24

cos
769

56
259

787

262
22

-11

12

-40
-4

8x 109

sin

!

t
© OHNWOWO OQCWuUno

!
—
[*%)
oA~

o

-135
-8

Sy-10°
cos

-2598
17
-872
-64
-4

~2599
185
-857
-62
-4

-18
58
16

1

=75
56
3

S5y-10°
cos

69
-70
5

1

0

38
-74
9
1
0

~-18
127
-3
-1
-79

125
7

i

sin

-61
209
15

140
210
15

229

-1

226
11

sin

~-20
239

8z °10°
cos sin
-1100 0
-445 278
-390 74
-28 5
-2 0
-1099 0
-375 256
-384 75
~27 5
-2 0
-8 0
19 100
7 2
1 0
-32 0
18 98
1 5

8z+10°
cos sin
=22 0
180 215
-3 104
-1 8
0 1
~36 0
177 196
-2 106
-1 8
0 1
-9 0
53 3
-2 5
-1 0
-34 0
52 4
3 0
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Table D-25

Perturbations of Uranus which are Independent
of the Mean Anomalies of the Disturbing Planets.

8x+109 Sy-10° $z-10°
Computed by i n -
cos sin cos sin cos sin
Carpenter 0 1 43 0 98 0 42 0
1 1 1 -9 3 ~2 4 10
2 1 -2 -39 35 -2 15 0
3 1 0 -3 2 0 1 0
Clemence 0 1 22 0 112 0 49 0
1 1 0 -1 -2 -3 2 8
2 1 7 -40 37 7 16 3
3 1 1 -3 3 0 1 0
Carpenter 0 0 -9 0 -16 0 -7 0
1 0 ~-66 -9 9 -60 5 -26
2 0 -9 -21 19 -8 8 -3
3 0 -1 -2 1 -1 1 0
Clemence 0 0 ~37 0 -72 0 -31 0
1 0 -66 -12 11 -60 6 -26
2 0 -3 -1 0 -3 0 -1
Table D-26
Perturbations of Neptune which are Independent
of the Mean Anomalies of the Disturbing Planets.

§x+109 Sy-10° 5z°10°

Computed by | i n - T T -
cos sin cos sin cos sin
Carpenter 0 1 51 0 -31 0 -14 0
1 1 0 1 3 -4 -8 11
2 1 14 16 -14 13 -6 5

Clemence no terms given

Carpenter 0 0 -9 0 -15 0 -9 0
1 0 29 -30 29 27 11 12
2 0 ~17 9 -8 -15 -3 -7
Clemence 0 0 -40 0 -72 0 -31 0
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Perturbations of Pluto which are Independent
of the Mean Anomalies of the Disturbing Planets.

Table D-27

§x-107 sy-10°
Computed by i n | - - - .
cos sin cos sin
Carpenter 0 1 18 0 37 0
1 1 -6 -30 14 19
2 1 -14 1 -4 -10
3 1 -4 1 -2 -4
4 1 -2 1 -1 -1
Clemence no terms given
Carpenter 0 0 -17 0 -2 0
1 0] ~-19 11 -23 -8
2 0 ~15 13 -13 -15
3 0 -6 3 -3 -6
4 0 -2 1 -1 -2
Clemence 0 0 -40 0 -72 0
Table D-28

8z °10°

cos sin
15 0
-24 -58
-1 -8
1 -2

0 -1
-34 0
-2 -6
5 -13

1 -3

0 ~1
-31 0

Perturbations of the Outer Planets Due to the Inner Planets:
Terms Depending on the Mean Anomalies of the Inner Planets as Computed
by Clemence. The Argument is jg' where g’ is the Mean Anomaly of the
Disturbing Planet. The Values are to be Compared with those Computed
by the Author in the Following Tables.

.109
Disturbing § 6x-10
Planet T o

cos sin
Mercury -1 15 61
-2 1 6
Venus -1 -1157 1339
-2 -4 5
Earth -1 -619 2971
-2 -5 24
Mars -1 443 -209
-2 21 -10
-3 2 -1

Sy-10°
cos sin
S I
55 -11
5 -1
1196 1089
4 4
2727 567
22 5
-186 -404
-9 -19
-1 -2

$z°10°
cos sin
28 -12
3 ~1
612 406
2 1
1183 246
10 2
-97 -180
-5 -8
0 -1
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Table D-29

Perturbations of Jupiter Computed by Carpenter from Table D-2 Through D-5
The Argument is (ig + jg') where g and g’ are the Mean Anomalies
of Jupiter and the Disturbing Planet Respectively.

Disturbing i
Planet

Mercury 0

0

0

Venus 0

0

Earth 0

2

3

0

1

3

4

0

Mars 0

2

3

4

5

6

0

3

0

4

-1
-2
-3

-1
-2

-1
-1
-1
-2
-2
-2
-2
~3

-1
-1
-1
-1
-1
-1
-2
-2
-3

1
LI

$x°10° dy-10°
cos sin cos sin
15 60 55 -11
2 6 6 -1
0 1 1 0
-1157 1339 1195 1089
-4 4 4 4
-627 2970 2725 575
0 1 -1 0
1 0 0 1
-5 25 23 5
-1 0 0 1
-2 1 -1 -2
-1 0 0 -1
0 1 0 0
445 -208 -185 -406
1 -2 2 1
1 6 -6 1
-1 3 -2 0
-1 1 -1 0
0 1 -1 0
21 -10 -9 -19
0 -3 3 0
1 -1 -1 -1
0 -1 0 0

Table D-30

Perturbations of Saturn from Tables D~6 Through D-9.

Disturbing i
Planet

Mercury 0

0

0

Venus 0

0

Earth 0

0

Mars 0

0

0

-1
-2
-3

-1
-2

-1
-2

-1
-2
-3

§x°10° 3y -10°
cos sin cos sin
15 61 55 -11
2 6 5 -1
0 1 1 0
-1157 1339 1196 1089
-4 5 4 4
-627 2970 2724 576
-5 25 23 4
444 -208 -185 -405
20 -10 -9 -19
1 | -1 -1 -1

8z-10°
cos sin
28 ~12
3 -1
0 0
612 406
2 1
1182 249
10 2
-97 -180
-4 -8
0 0

8z-10°
cos sin
28 ~12
3 -1
0 0
612 406
2 1
1182 249
0 0
0 0
10 2
0 0
0 -1
0 0
0 0
-97 -180
1 0
-3 0
-1 0
0 0
0 0
-5 -8
1 0
0 0
0 AJ 0 J
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Table D-31

Perturbations of Uranus from Tables D-10 Through D-13.

Disturbing i .
Planet J

-1
-1
-2
-3

Mercury

cCoRO !

-1
-1
-1
-2

Venus

oNHO

Earth -1
-1
-1
-1
-2
-2
-2

WO WM MO

-1
-1
-1
-1
-2
-2
-3

Mars

‘owoPrwWRHO

Perturbations

Disturbing
Planet

-1
-2

Mercury

o C

-1
-1
-1
-1
-2

Venus -

= QWO

Earth -1
-1
-1
-1
-2

-1
-1
-1
-2
-3

Mars

COoOWrHO (=R o)

8x-10°

cos sin

15 62

0 0

1 6

0 2

-1157 1341

0 1

-1 -1

-3 4

-627 2968

0 -1

1 0

0 -1

-5 24

1 0

0 1

445 -209

1 0

0 1

1 0

20 -9

1 0

2 0
Table D-32

§x 107
cos sin
14 62
2 6
0 -1
~1159 1339
0 -1
-1 0
-4 4
-1 0
-625 2971
1 0
-1 0
-5 25
442 ~207
0 -1
1 1
19 -10
2 -2

Sy -10°
cos sin
55 -11
1 0
5 -1
2 0
1195 1090
0 0
-1 1
4 3
2725 575
0 0
0 -1
0 0
22 5
0 0
-1 0
-185 -406
0 0
-1
0 0
-8 -18
0 1
0 -2

8y -10°
cos sin
55 -10
6 -2
0 0
1196 1089
0 1
0 -1
4 4
0 0
2726 575
1 0
0 -1
23 5
-184 -405
0 1
-1 0
-9 -18
-2 -2

of Neptune from Tables D-14 Through D-17.

8z°10°

cos sin
28 ~12
0 0

2 0

1 0
611 406
0 0

0 0

2 1
1182 250
0 0

0 0

0 0
10 2
0 0

0 0
-98 -181
0 0

0 0

0 0
-4 -8
0 0

0 -1

$z-10°

cos sin
29 -12
2 -1

0 0
613 406
0 1

0 0

2 2

0 0
1181 249
0 0

0 0
10 1
-96 -180
0 0

0 0
-4 -7
-1 -1
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Table D-33

Perturbations of Pluto from Tables D-18 Through D-21.
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